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ANOTHER WOOLLY-HAIR MUTATION 
IN MAN 


C. Pu. ScHokKING* 
Rotterdam, Holland 


HILE studying twins in Lei- 
\W\/ den in 1929 and 1930, I en- 
countered a pair of non-iden- 
tical twin sisters, one of whom had 
remarkably curly hair. Since little is 
known of the inheritance of such 
genuine woolly hair among Europeans, 
I followed up the history of this pair. 
It soon transpired that in the village 
of Rijnsburg, near Leiden, whence the 
girls came, many woolly-haired per- 
sons were to be found, and that all of 
these belonged to the same family. 
After a deal of effort I was able to 
put together a pedigree chart covering 
five generations (Figure 3). The 
founder of the family had already died 
and no photograph of him was to be 
had, but an old Rijnsburger, who 
knew both this man and his father, 
was able to give me definite informa- 
tion that both of them had woolly 
hair. 

I was able personally to interview 
most of the members of the family 
who are still living, and to collect 
specimens of their hair. Of those who 
had died, photographs were obtainable 
in a number of instances. In this way 
it was possible to get complete series 
of photographs of the two first sib- 
ships of the third generation and their 
parents (Frontispiece and Figure 1). 
From one of these sibships it was also 
possible to get a complete series of hair 
samples, which is particularly instruc- 
tive (Figure 2). 

The distribution of woolly hair in 
this family offers a perfect illustration 
of regular dominant inheritance. It 


corroborates the analogous findings 
of Bell (Gossage), Mori, Van Bem- 
melen, Kranz, and Mohr. The pro- 
portion of affected to normal in our 
pedigree is 13:17. No case of skipping 
a generation was found. The propor- 
tion of affected men to affected wom- 
en is 8:7, which likewise agrees with 
the findings of other authors. No car- 
rier of the trait has yet been found; 
and the sexes are equally represented 
in the inheritance of this trait. The 
ratio of affected to normal in all the 
cases reported, put together, is 138: 
125, thus revealing the expected ex- 
cess of affected persons, statistically. 
The table below shows these relation- 
ships. 

The woolly hair in all the affected 
members of our pedigree chart is, as 
shown by Frontis. and Fig. 1, abnor- 
mally short and thick,—it is like real 
wool. The differences in length among 


TABLE I.—Ratios of woolly haired individuals to 
normals in all cases reported. 


All Affected 
Persons Persons 
Studied Only 
xs 
= =a 
Bell 
(after Gossage)... 18 18 2 § il 
38 28 23 16 
V. Bemmelent 
2 19 15 10 4 
Mohr 41t 43 14 25 
Schokking .................. 8 7 


138 125 62 63 15 


*This is a study from the dermatological clinic and polyclinic (Prof. Dr. H. W. Siemens, 
director) of the royal University of Leiden, in which Dr. Schokking was formerly first assis- 
tant. 


The translation is by Paul Popenoe. 


+Not given in such a way that the actual proportions can be calculated. 
tThree of these are said only to be “probably” affected. 
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A HAIR PEDIGREE CHART 
Figure 2 


This is a pedigree chart of hair samples of the family shown on the opposite page. In 
the upper corners of the illustration are enlarged cross sections of the two types of hair 


taken from two of the children in this family. 


The straight hair is roughly circular in cross 


section while the woolly is eliptical in cross section,: with occasional thin places. At these 
constrictions the hair breaks off spontaneously so that it never reaches any great length. 


the various persons are considerable, 
whereas there are no important dif- 
ferences in the degree of wooliness. 
Evidently, therefore, one can not sus- 
pect here the working of two factors, 
such as Eugen Fischer has found in 
the crossing of woolly haired with 
gmooth haired races in general. The 
segregation ratio found here indicates, 
therefore, that the Rijnsburg woolly 
hair was not brought into Holland 
through racial intermarriage, but that 


it is of independent and local origin. 
The color of the hair was various 
among the woolly-haired persons. Mohr 
has remarked that there is no “abso- 
lute correlation” between hair-form 
and color; we must go much further 
in this case, and say that in our pedi- 
gree chart there is no correlation at all 
between form and color of hair. This 
is evideft from a study of Figure 3, 
where the hair color has been indi- 
cated in each case by the use of the 
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FIVE GENERATIONS OF WOOLLY HAIR 
Figure 3 - 

Pedigree chart showing relationship of the two groups shown in the preceding illustra- 
tions. Many of the living members of this family were seen by the author and these indi- 
viduals are indicated by the double cross hatching on the stem of the symbol designating 
them. There is no correlation between hair color and hair form, as is indicated by the 
Fischer-Saller hair color indices (the small capital letters to the right of some of the symbols). 


letters adopted in the Fischer-Sailer 
hair-color-chart. 

The cross-section of the hair, on 
the other hand, is closely correlated 
with the hair form, since normal hair 
is a round in cross-section while wool- 
ly hair is elliptical. This is shown in 
Figuze 2 by the cross-sections of hair 
of the second and third children of the 
IV generation. Microscopical exami- 
nation further revealed that the wool- 
ly hairs are not uniform throughout 
their length, but have thin places here 
and there as a result of the twisting; 
or perhaps the statement would be 
more accurate if reversed, that they 
are curled because of the presence of 
thin places here and there. The ends 
of the woolly hairs were split up in- 


to several bundles of fibres, but I 
could not confirm the observation of 
Mohr that the peripheral bundles of 
fibres are longer than that in the cen- 
ter. 

There is no evidence as to how this 
gene for woolly hair came into the 
Dutch peasant family. It is certainly 
most unlikely that it derives from a 
racial crossing with Negro, for in no 
one of the members of the family was 
the slightest trace of any other char- 
acter of a colored race to be found. 
Moreover, there is no family tradi- 
tion as to any foreign racial intermix- 
ture. We must suppose that this gene 
represents a mutation on European 
soil, as Mohr and Eugen Fischer have 
suspected in similar cases. 
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CONGENITAL TREMOR IN YOUNG CHICKS 


there appeared among some pedi- 
greed S. C. White Leghorn chicks 
two from the same hen—H287—which 
were affected with a very evident 
tremor. These died within a week 
after hatching. The fact that H287 
was mated to a closely related male 
suggested that there might be a genetic 
basis for the abnormality. This was 
confirmed in 1930 when four more 
chicks were obtained from H287 and 
related stock. Accordingly an attempt 
was made to determine the genes in- 
volved in its inheritance. 
Description 

Affected chicks exhibit all degrees 
of tremor from an agitation so ex- 
treme that the animal cannot stand, 
down to a barely perceptible tremor. 
In nearly every case, however, the 
tremor is evident only when the chicks 
are standing and is quite imperceptible 
when they squat. In a few of the 
more extreme cases some twitching was 
evident in the squatting bird but such 
instances were rare. This method of 
finding relief from their peculiar afflic- 
tion was quickly learned by the chicks 
and those with tremor were usually 
quite easily detected in the brooder by 
their habit of squatting when not ac- 
tually feeding or drinking. 

Contrary to the situation in some 
cases of involuntary muscular move- 
ments in other species, the tremor ob- 
served in these chicks is not induced 
by sudden shock nor is it noticeably 
increased by excitement. When the 
chick is standing, the attack is not 
spasmodic, but continuous. 

In some instances affected chicks 
were not recognized as such when re- 


|* THE hatching season of 1929 


moved from pedigree bags or baskets, 
but showed the abnormality distinctly 
after they were placed in the brooders. 
Apparently while they were closely 
confined or crowded, with little or no 
opportunity to use their legs, the 
symptoms had no opportunity to be 
manifested. In other cases some chicks 
which appeared to have a slight trem- 
or when banded shortly after hatching 
showed no sign whatever of the con- 
dition when re-examined a day later. 
The majority of these had apparently 
merely been shivering from the tem- 
porary chilling suffered when they 
were removed from the brooder, but 
the possibility cannot be excluded that 
some of the birds genotypically “trem- 
blers” were so slightly affected that 
they could not be recognized. 

Some of the chicks affected with 
tremor have the toes curled under- 
neath and apparently partially para- 
lyzed. This led to the designation of 
the character in an earlier brief re- 
port of this condition (Hutt*) as “con- 
genital palsy.” It is now clear, how- 
ever, that many of the less extremely 
affected birds have no sign of paralysis 
and accordingly the term tremor is the 
correct one. 

In the few trembling chicks that 
survived longer than a week, the trem- 
or became less and less noticeable. 
After eight weeks of age there was no 
sign of the tremor, although all but 
two of such chicks were markedly 
stunted. The anatomical or physiolog- 
ical defect responsible for the charac- 
ter has not yet been discovered. 

Rate of Vibration 

Some idea of the rapidity of move- 
ment in these chicks is indicated in 
Figure 4A. The five birds shown are 


*Now at Cornell University, Ithaca, N. Y. This is the third of a series of papers by the 
senior author prepared under the general title: “Genetics of the Fowl.” 

+Paper No. 1284 of the Journal Series of the Minnesota Agricultural Experiment Sta- 
tien. The investigation was supported by a grant from the Fluid Research Funds of the 
Graduate School of the University of Minnesota. 
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all siblings of exactly the same age— 
three days. The time of the exposure, 
which was made with a flash bulb, was 
only one-fiftieth of a second. This was 
short enough to ensure sharp images 
of the four normal chicks at the right, 
but the one at the left was shaking so 
rapidly that only its toes present an 
unblurred image. The two separate 
images at the anterior end of this 
chick give some idea of the distance 
travelled by the head in one-fiftieth of 
a second. 

The rate of vibration has been mea- 
sured more accurately with a kymo- 
graph. A string was tied around the 
body of the chick to be tested, just 
behind the wings. This was fastened 
to one end of a recording pencil, the 
other end of which touched the revolv- 
ing drum of the kymograph. To pre- 
vent chilling an electric light bulb was 
placed near the chicks. 

Owing to the fact that chicks with 
tremor will not stand long, but either 
fall, squat or move about, it was diffi- 
cult to record their movements, and 
only short records were obtained of 
standing chicks. Typical examples 
are shown in Figure 5, A and B. Fig- 
ure 5A shows the movement of a two- 
day-old chick and Figure 5B shows that 
of the same chick at four days. In all 
the records shown, the smoked paper 
on the kymograph drum was revolving 
at the rate of 1.026 centimeters per 
second. The average number of com- 
plete (double) vibrations for this 
chick at two days and four days was 
7.3 and 6.2 respectively per second. 

Figure 5C shows the record of a day- 
old chick with tremor whose head was 
supported. The number of vibrations 
per second was 10, but, owing to the 
support provided, the amplitude of the 
vibration was comparatively small. 
Figure 5D shows the record of this same 
chick when squatting. The undula- 
tions represent breathing movements 
and there is no sign whatever of 
tremor. 

In Figure 5E is shown the record of 
a fifteen-day-old chick standing, which 
at two days was shaking at the very 
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rapid rate of 17 vibrations per second. 
Any vibration remaining is practically 
imperceptible. The record in Figure 
5F shows a record of breathing for a 
normal control chick, standing, at two 
days of age. 

The following data on the rate of 
vibration at different ages show the 
tendency for the rate of vibration to 
become less as the chicks get older: 


Chick Vibrations 
C1709 1 10 
D2310 1 13 
C1655 2 16.5 
I 29 2 10 
D2167 2 7.3 
D2310 4 8.5 
D2315 8.5 
D2167 4 6.2 
C1655 15 0 


Effects on Viability 
The majority of the chicks affected 
with the tremor die within a week af- 
ter hatching. Among 35 such chicks 
for which exact data are available the 
ages at death were as follows: 


24 
7 to 30 days....... a 7 
2 
277 days 1 
Still alive at 14 months 1 


These figures show that 68 per cent 
of the affected chicks died within a 
week and 88 per cent within a month 
after hatching. To some extent the 
early mortality resulted from the in- 
ability of extremely affected chicks to 
move about freely and to find feed 
and water. Others literally shook 
themselves away from the heat and 
got chilled. But even some which 
were kept in extremely favorable con- 
ditions, where it was difficult for 
them to get chilled and where feed 
was easily accessible, grew very slow- 
ly and soon died. 

Effects on Growth 

In Figure 6 the growth rates of 
four chicks with tremor are com- 
pared with those for their normal 
siblings. One of the four died at two 
weeks of age, but it is obvious that 
growth in the others was greatly re- 
tarded. Except for two birds with 
tremor which lived to over nine 
months of age, the three whose 
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A TREMBLING CHICK AND NORMAL SIBLINGS 
Pigure 4 
Five siblings from a tremor-producing hen. The exposure, one-fiftieth of a second, was 
short enough to result in sharp images for the four normal chicks on the right, but not short 


enough to catch the chick on the left, which was affected with congenital tremor. 
lower photograph are shown four of the five chicks photographed again at 51 days. 


In the 
The 


chick which originally had tremor weighed, when this photograph was taken, about one- 


third as much as her normal sister on the right. 


abnormal bulging of the cranium. 


Her retarded growth has resulted in an 


growth curves are shown were the 
most vigorous of all the chicks with 
tremor. 

The effect of the character is more 
strikingly shown in Figure 4B. The 
four chickens illustrated were all 
hatched from the same hen on March 
30, 1932. At the time of the photo- 
graph they were 51 days old. Their 
weights, reading from left to right, 
were as follows: 


wi 
at 2 days ~ days 
B2104 (normal) 34 314 
9 B2101 (tremor) 31 103 
@B2103 (normal) 33 387 


B2102 (normal) 32 299 


The chick with tremor, second from 
the left, shows the bulging of the 
cranium so commonly seen in stunted 
and dwarf chicks. This malformation 
was evident in nearly every chick 
with tremor that survived beyond a 
month. It is attributed, not to any di- 
rect effect of the gene for tremor, but 
rather to the retardation of growth 
induced by that gene. 

Of the two chicks with tremor 
which survived longer than three 
months, one attained a maximum 
weight of 1,029 grams at 30 weeks, 
the other grew to 1,375 grams at 40 


. 


GRAPHIC CONTRAST BETWEEN TREMBLING AND NORMAL CHICKS 
Figure 5 

Kymograph records of chicks with tremor (A-E), and of a normal chick (/). A—Record 
of a chick with tremor two days old, standing without support. B—Same chick as above 
- four days, standing. C—Tremor, one day, partially supported, and D—same chick as in C, 
squatting. E—Chick with tremor fifteen days old, standing. F—Normal control two days 
old, standing. The tremor is most marked in the very young chicks and becomes less as 
the chicks grow older. The regular pulsations of the lower three records (D-F) are due to 
breathing, and are not the result of tremor. The disappearance of tremor does not restore 
the vigor of the “tremblers,” for most of those that survive the first week die within a month. 
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GROWTH RATE 
OF TREMBLING CHICKS 
Figure 6 

Growth rate of four chicks with tremor as 
compared with their normal siblings. The 
chicks in this brood were among the most 
vigorous of the chicks showing this condition. 
Their extremely slow growth rate emphasizes 
the semi-lethal nature of this variation. Only 
two “tremblers” have reached maturity. 


weeks. The latter figure is somewhat 
below the weight for normal Leghorn 
females of that age in the stock from 
which the bird was raised. The 
former weight is decidedly sub-nor- 
mal. Since these two chicks were 
hatched on April 13th and May 4th, 
their failure to attain normal weight 
cannot be attributed to their having 
been raised out of the no:mal grow- 
ing season. 
Effect on Reproduction 

The smaller of the two birds just 
mentioned died at 277 days, without 
ever having laid an egg. The larger 
one laid her first egg at 239 days of 
age. The average age at first egg for 
eight other White Leghorn pullets 
hatched on the same day as this bird, 
and, like her, from matings disregard- 
ing fecundity, was 191 days. Only one 
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of these eight began laying at a later 
age—246 days. 

Up to 413 days of age, this bird had 
laid only 35 eggs, but since a number 
of her less productive pen-mates had 
been disposed of, there are not ade- 
quate controls against which to com- 
pare her record. However from the 
fact that her monthly egg records 
from December to May were 9, 2, 5, 
5, 4, and 10, it is obvious that she 
was far below normal with respect to 
fecundity. Of 22 eggs set between 
December 15th and May 15th, 15 were 
fertile and these yielded 7 chicks, a 
proportion which is not unusually 
low. 


Genetics 
The genetic analysis of this char- 
acter has been extremely difficult to 
conduct. Since affected chicks (with 
one exception) did not attain sexual 
maturity, the usual methods—study- 
ing an F,, Fe and backcross—were 
out of the question. Any genetic 
analysis had therefore to be based 
solely on the observed ratios in 
matings yielding congenital tremor. 

These were as follows: 


Chicks 
A—Dams Normal Tremor 

H 287 19 2 
K 167 15 1 
K 196 36 3 
K 219 20 1 
L 152 10 i 
A 155 11 1 
A 525 12 2 
B 121 7 1 
B2010 7 2 
B2033 6 1 
B2024 19 2 
B2047 50 5 
B2053 2 2 
B2058 48 3 
B2062 18 1 
B2065 24 1 
B2067 18 2 
C2004 + i 
C2005 12 2 
C2006 19 1 
C2007 1 1 
C2008 5 2 
C2078 27 1 

Total 408 39 

Ratio 10.5: 1 
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B—Sires (in matings with hens that produced 
tremor) 
a 33 2 
65 6 
Al021 6 1 
A1024 6 1 
B2232 28 7 
B2233 107 9 
B2241 1 1 
B2243 13 2 
B2244 85 6 
C2221 00 3 
C2222 4 1 
408 39 


It should be clearly understood that 
these ratios are for matings in which 
both male and female were proven 
producers of congenital tremor. Fowls 
yielding chicks with this affliction are 
apparently normal in every respect 
and the character is therefore reces- 
sive in nature. The ratios given above, 
however, are far from the 3:1 ex- 
pected for a unifactorial recessive. In 
some cases where a single chick with 
tremor was obtained in a progeny of 
eighteen chicks or more, it was at 
first believed that there must have 
been some error in marking the egg 
or in recording the chick. However, 
there are at least five such cases in 
the list of 23 females above. These 
occurred in different hatching seasons 
anc in different matings. It seems 
improbable, therefore, that these ab- 
errant ratios can be ascribed to er- 
rors in technique. Indeed, the rarity 
of the character would suggest that 
it is not genetic in origin were it not 
that (1) chicks with congenital trem- 
or occurred originally in a mating of 
closely related stock (2) they have 
not been observed in other White 
Leghorns or in other breeds of the 
university poultry flocks during the 
six years in which the character has 
been observed, and (3) in twenty- 
five years’ experience with poultry 
the senior author has never seen 
chicks elsewhere similarly afflicted. 
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Moreover, other females in the same 
pens and mated to the same males as 
those yielding chicks with tremor did 
not produce the character in progenies 
ranging up to thirty. It is also perti- 
nent that in progenies from matings 
in which both sire and dam _ pro- 
duced tremor, or had done so, the ra- 
tio of normal chicks to those with 
tremor was remarkably constant in 
the four years in which complete data 
were available. The figures for these 
are as follows: 


Chicks 
Year Normal Tremor Ratio 
1931 80 7 11.4:1 
1932 64 7 9.1:1 
1933 164 16 10.2:1 
1934 94 9 10.4:1 


The fact that practically all of the 
affected chicks died shortly after 
hatching suggested that the charac- 
ter might be sufficiently disadvan- 
tageous to the embryo to cause death 
in enough of them to account for the 
observed deficiency of chicks with 
tremor. This possibility seemed all 
the more plausible because several 
chicks with tremor occurred among 
those which had to be assisted from 
the shell at hatching time. More ex- 
tensive data have shown this hypo- 
thesis to be untenable. The figures 
given below compare the rates of 
embryonic mortality among embryos 
from a, matings in which both sire 
and dam were known to be tremor- 
producers, and }b, matings in which 
the sire was a producer of tremor but 
the individual females did not yield 
the character in eight or more chicks.* 

The difference between mortality 
rates in these two types of matings is 
neither statistically significant nor 
large enough to account for a de- 
ficiency of chicks with tremor as 
great as that observed. With the 
evidence established that embryonic 


*Embryonic mortality rate. 


(a) Matings yielding tremor 


{b) Females not producing 


Difference 


Mortality 
Fertile 
N Per cent 
241 42.13 + 2.06 
Benes 773 295 38.16 + 1.74 
3.97 + 2.69 
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mortality was not responsible for any 
aberrant ratios in hatched chicks, an 
explanation of the observed ratios of 
normal chicks to those with tremor 
may be attempted. 

If the character were sex-linked 
as well as recessive, one would expect 
it to occur more often in females (the 
heterogametic sex) than in males. 
Since in 35 affected chicks of known 
sex the ratio was 1944: 1622, it is 
obvious that the character is auto- 
somal. 

There are two interpretations of 
the available data on the genetic basis 
for this character which seem possi- 
ble. It may be the result of duplicate 
factors, with affected chicks hom- 
ozygous for the recessive allelomorph 
of each. If these genes be designated 
T and 7;, the expectation in the 
progeny from a mating of two di- 
heterozygotes, Tt is 15 normal 
chicks to 1 with tremor. The ob- 
served ratio in the general popula- 
tion, as given above, is 10.5 to 1. 
This, however, does not by itself in- 
validate the duplicate factor hypoth- 
esis because that population con- 
tains several females with affected 
chicks in progenies of much less than 
16. Presumably there could be a cor- 
responding number of undiscovered 
females producing no chicks with 
tremor in progenies of less than 16, 
but which would have produced the 
character in larger families above that 
figure. Examples of this type are af- 
forded by females K219, B2062, 
B2065, C2006 and C2078, each of 
which yielded only one chick with 
tremor in progenies of 20, 18, 24, 
19 and 27 respectively. 

If one considers that progenies of 
at least 16 are necessary for the mani- 
festation of a 15:1 ratio and selects 
only the thirteen hens with families 
of that size or over, the ratio of nor- 
mal chicks to those with tremor is as 
follows: 

Normal Tremor 
330 25 
332.8 22.2 


In families of 16 or over 
Expected (15:1) 
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This is a very close fit to expecta- 
tion. A corollary to the duplicate fac- 
tor hypothesis is.that some of the 
birds in the population must be by 
chance of the constitution T?tt,t; or 
ttT,t,; and that these when mated to- 
gether would give a ratio of 3 nor- 
mal: 1 tremor. If mated to a dihet- 
erozygote, 7TtT,t,, they should yield 
a ratio of 7:1. In the list of ratios 
given above it may be noted that the 
following progenies suggest a 3:1 
ratio: 


Chicks 
Dam Normal Tremor 
B2010 7 2 
C2004 a 1 
C2007 1 1 
C2008 5 2 
17 6 


There are also in the list several 
progenies suggesting 7:1 ratios more 
than anything else, but some of these 
may also really belong in the 15:1 
class. Unfortunately no 3:1 ratios 
occur in large progenies, so that it 
cannot be definitely stated that any 
mating was yielding a 3:1 ratio. 

The duplicate factor hypothesis 
could be substantiated or disproved 
if a large number of daughters from 
tremor-producing matings could be 
adequately tested. Such a test has 
been practically impossible in this 
case because the usual difficulty of 
getting large progenies from _ indi- 
vidual hens has been aggravated by 
the fact that the mutation originally 
appeared among fowls of rather low 
fecundity. Their naturally poor re- 
productive capacity has been anything 
but improved by the inbreeding re- 
sorted to in the attempt to study the 
character. Some of the tremor-pro- 
ducers died after producing only five 
or six chicks or less. Others were 
not detected until the second breeding 
season. The difficulty of testing either 
males or females when such large 
progenies are needed to prove the 
genotype is obvious. 

Tests of genotype were attempted 
with 65 daughters of birds which had 
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produced tremor. Of this number 24 
had a carrier of tremor in both par- 
ents and 41 had only one parent pro- 
ducing the character. Owing to mor- 
tality and low production more than 
half of these birds were not adequate- 
ly tested, but the following data are 
of interest: 

No tremor in Produced 

6 or more chicks tremor 
Birds with both 


parents carriers 7 7 
Birds with one 
parent carrier 16 3 


While 6 chicks are undoubtedly too 
few to constitute an adequate test, 
the limitations of that number should 
apply equally to the two groups com- 
pared. On this basis, when both sire 
and dam were carriers, 50 per cent 
of the progeny were also carriers, but 
when only one parent had produced 
the character, only 16 per cent of the 
progeny were carriers. The compari- 
son illustrates the hereditary nature 
of the character even though it does 
not elucidate the genetic basis. 


Another possibility is that congen- 
ital tremor may be a unifactorial re- 
cessive, but one so subject to the in- 
fluence of modifying genes that the 
degree of its manifestation, or its 
“penetrance” (in the sense of Timo- 
féeff-Ressovsky), is unusually low in 
most matings. This is suggested 
partly by the fact that in moderate 
cases the tremor becomes less ex- 
treme within a week of hatching and 
eventually disappears as the chick 
gets older. It is also suggested by 
the occasional chicks from tremor 
matings, which display a very slight 
shiver when taken from the incubator. 
These are difficult to classify, but, be- 
cause they have not subsequently 
shown any signs of tremor, have 
been considered as merely chilled at 
banding time. 


This hypothesis is supported by 
the fact that the one bird with tremor 
which produced offspring yielded in 
matings with males carrying con- 
genital tremor no chicks with tremor 
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among the seven which were hatched 
from her. Three of these seven, 
however, had their toes curled un- 
der and apparently slightly paralyzed 
or incapacitated when hatched. This 
peculiarity was not evident a day or 
two later, when the chicks appeared 
normal in every respect. It seems not 
improbable that the same defect, 
which causes the agitation when the 
chick is standing, but which is in- 
operative (except in extreme cases) 
when the chick squats, might be also 
manifested as a temporary partial 
paralysis of the extremities of the 
legs. As chicks so affected get older, 
both symptoms disappear. The latter 
interpretation appears somewhat 
more likely than that of duplicate 
factors only. 


The observed number of chicks 
with tremor in the whole population 
of 447 was 39. The expected number 
for a simple recessive with complete 
penetrance was 111.75. The actual 
penetrance (i. ¢., percentage of those 
homozygous for the character which 
actually manifest the phenotype) was 
therefore 35 per cent, although 
marked deviations from that figure 
were evident in individual matings. 
This is a rather low degree of pene- 
trance, but that fact does not rule 
out the probability that the character 
is caused by one gene. Among sev- 
eral genes producing the character 
“abnormal abdomen” in Drosophila 
funebris, Timoféeff-Ressovsky* found 
some with a penetrance of 20 to 30 
per cent and one with a penetrance 
of only 10 to 15 per cent. 


Discussion 


Congenital tremor in chicks is evi- 
dently a hereditary character unde- 
sirable both to the species and to the 
poultryman. Since it is so subject 
to the influence of modifying factors 
that it may appear as infrequently as 
once in 27 chicks from one mating, 
the usual methods of testing for car- 
riers would not be efficient. Accord- 
ingly, there is no other method of 
weeding out the character than to 
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eliminate from the breeding pens all 
sires, dams, and siblings of affected 
chicks. Even this would not remove 
all heterozygotes, but it is doubtful 
if the loss from the few affected 
chicks would warrant any greater 
sacrifice of breeding stock. 

The tremor described in this paper 
is apparently quite different from the 
hereditary ataxia observed in pigeons 
by Riddle,® nor is it at all comparable 
to the “congenital loco” studied by 
Knowlton,® a condition which is fair- 
ly common in chicks. In neither of 
these abnormalities does one find the 
consistent vibration of the whole 
body which was characteristic of the 
chicks affected with tremor. It is 
apparently quite similar in some re- 
spects to the hereditary tremor which 
occurs, though rarely, in man. The 
pedigree of this reported by Berg- 
man! suggests dominance of the con- 
dition. Moreover, in his cases and 
others, the tremor was not apparent 
at birth, but, contrary to the condi- 
tion in chicks, became progressively 
worse after onset at ages of 30 and 
over. Curschmann,? however, states 
that in some cases of hereditary 
tremor in man the symptoms may en- 
tirely disappear as the affected person 
gets older. In Bergman’s cases the 
rates of vibration were very much 
like those measured in the writers’ 
chicks and in both species the tremor 
disappeared when the afflicted subject 
was at rest. 

Of all the cases of hereditary ner- 
vous disorders in other species with 
which the congenital tremor in chicks 
has been compared none resembles 
it as much as the recessive hereditary 
trembling in guinea pigs, briefly re- 
ported by Ibsen.4 In both species 
there is a tremor right from birth and 
in both it becomes less extreme as the 
animals get older. He does not say 
if the symptoms are absent when the 
affected animal is at rest. 

It seems not impossible that mu- 
tations such as the tremor described 
in this paper, though undesirable in 
most respects, might be of value to 
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pathologists seeking to determine the 
anatomical or physiological bases for 
similar hereditary diseases in man. 
The aetiology of hereditary tremor 
(as distinguished from various atax- 
ias, choreas and paralysis agitans) is 
apparently not known. If principles 
of human nutrition can be learned 
from studies with rats and pigeons, 
it seems equally feasible that genetic 
abnormalities in lower animals could 
be utilized to shed some light upon 
similar conditions in man. 


Summary 

Chicks affected with congenital 
tremor exhibit degrees of agitation 
varying from a shaking so extreme 
that they cannot stand, down to a 
barely perceptible tremor. In most 
cases this movement disappears when 
the chick squats at rest. The rate of 
tremor varies from 16.5 to 10 com- 
plete (double) vibrations per second 
in chicks one and two days old. The 
affliction is most extreme at hatching 
and gradually disappears in the few 
chicks which survive to a month or 
more. 

Eighty-eight per cent of affected 
chicks died within a month of hatch- 
ing and only one out of 35 was raised 
to sexual maturity. 


Growth of chicks with tremor was 
greatly retarded and fecundity was 
unusually low in the one bird raised 
to laying age. 

Twenty-three fowls producing the 
defect yielded in matings to carrier 
males a total of 408 normal chicks 
and -39 with tremor. The deficiency 
of affected chicks below the number 
expected for a simple recessive char- 
acter is shown not to be caused by 
embryonic mortality in these mat- 
ings. 

Of 35 affected chicks 19 were males 
and 16 females. 

A duplicate-factor genetic basis is 
shown to account for the observed 
ratios fairly well, but it is consid- 
ered a more likely interpretation that 
the character is a simple autosomal 
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recessive character having an un- 
usually low degree of penetrance be- 
cause of the effects of modifying 
genes. 

Other evidence is adduced to show 


that the defect is definitely hereditary. 

The similarities and differences be- 
tween hereditary tremor in the fowl 
and similar conditions in other species 
are briefly considered. 
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Arguments for Sterilization 


HE text of this book* which is 

concerned with the prevention of 
hereditary disorders, begins with a 
long introduction comprising some 
fifty pages wherein hereditary princi- 
ples and theories are discussed, and 
illustrated by many diagrams, hered- 
ity charts, and case histories. Follow- 
ing the introductory parts, the funda- 
mentals of a sterilization law are pre- 
sented. 

Many arguments in favor of, and 
reasons for sterilization are given in 
detail. Among these are the usual 
statements covering the economic and 
social situations. It is emphasized 
that it is not only the retrogression in 
the number of the people that occa- 
sions the gravest concern at present 
in Germany, but in like measure the 
condition of the hereditary constitu- 
tion of the people. While the heredi- 
tarily healthy families have for the 
greater part joined the one or no child 
system, numberless inferior and 
hereditarily burdened people continue 
to bring forth children in large num- 
bers, whose diseased and antisocial 
condition becomes a burden to the 


whole nation, without any check. 
While the healthy German families, 
especially in the educated classes have 
on the average only two children, 
weak minded, and other hereditarily 
lower conditioned families show three 
or four children each. Under such 
conditions the composition of a people 
changes from generation to genera- 
tion so that in perhaps three genera- 
tions the normal class is_ entirely 
overgrown by the incompetent. This 
means the dying out of highly val- 
uable families, and thus an important 
matter is at stake; the future of the 
people is endangered. 

There is a section with colored 
plates by Lexer on the anatomical and 
physiological relationships and _ the 
surgical technique of sterilization of 
males, and a similar one on steriliza- 
tion of females by Déderlein. The 
book is excellently amplified by glos- 
saries, an extensive classified bibliog- 
raphy and a serviceable index. As a 
whole it contains a wealth of informa- 
tion on human heredity. 

N. D. C. Lewis 
St. Elizabeth’s Hospital 


*Gutt, ArtHuR, Ruptn, Ernest, and RutrKr, Fark. Zur Verhutung Erkbranken 


Nachwuchses (Gesetz und Erlauterungen). 


J. F. Lehmanns, Munich, 1934. 
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RECUMBENCE IN WHEAT 


As Influenced by Light and the Soil Surface 
H. H. McKinney anno W. J. Sanpo* 


That environmental factors do affect the expression of genetic characters is a truism, but 
our knowledge of the reactions between any specific environmental factor and the gene-complex 
of a given plant is still fragmentary. Merely by removing the soil surface the authors have 
brought to light significant varietal differences in recumbence (allegedly a qualitative charac- 
ter) which could not appear in field culture. These observations, and others elsewhere re- 
corded, suggest that the period covered by the Bibliography of Plant Genetics reviewed in this 
issue may come to be recognized as really the “juvenile stage” of plant genetics. Were we 
to hazard a guess regarding the direction which “adolescent” and “adult” development 
would take we might speculate on what might be discovered in the still largely untilled field 
between genetics and physiology (as these two really closely related disciplines are commonly 
defined). Such coordinated studies of the genic and environmental influences on plant char- 
acters hold the key to a clear understanding of the processes whereby the genes and the 
environment cooperate to produce that amazing end product the living organism,—about 


which there is still so much we do not know.—EprTor. 


wheat? and it has been known 

that certain varieties are intermediate 
or semi-recumbent.?"* Recumbence and 
erectness have been considered to be 
qualitative characters not influenced 
by the environment,® but other stud- 
ies* indicate that Turkey wheat may 
be recumbent or nearly erect depend- 
ing on the length of the daily photo- 
period. The present studies show that 
recumbence is influenced not only by 
the photoperiod, but also by other light 
factors, thus placing it in the quantita- 
tive group. By reducing the influence of 
the horizontal surface of the soil it 
becomes evident that the prostrate 
position does not represent the ex- 
treme degree of downward bending 
of the tillers in wheat, since in the 
variety Rudy the tillers bend far be- 
low the horizontal position if they 
are not prevented from doing so by 
contact with the surface of the soil. 
While the studies presented here 
are not genetic in a strict sense, they 
are indirectly, as they tend to clarify 
our understanding of the characters 
under consideration. Plant geneticists 
generally recognize that the environ- 


ECUMBENCE and erectness are 
R characters long recognized in 


ment influences the expression of 
certain characters, but the fact remains 
that this knowledge is limited to rela- 
tively few characters in a few spe- 
cies, and it is very vague for the vast 
majority of characters. The value of 
more specific information on this sub- 
ject can scarcely be doubted. It is 
hardly reasonable to believe that 
without it the geneticist can hope to 
obtain exact information on the in- 
heritance of many plant characters. 
Experimental Methods 

Plants were grown in soil in earth- 
en pots except when otherwise noted 
and the soil moisture was kept prac- 
tically uniform in all parts of a given 
experiment. Mazda “C” tungsten 
lamps were used when artificial light 
was employed. The influence of glass 
was determined by growing the plants 
in glass chambers. The daily photo- 
periods were studied in similar cham- 
bers but in certain instances there 
was no glass on the frames. Tem- 
peratures in the chambers were equal- 
ized very closely with those in open 
frames by means of fans. 

When the side shoots (tillers) of 
wheat are flat on the ground they 
are said to be prostrate, procumbent, 


*Senior Pathologist and Associate Agronomist, Division of Cereal Crops and Diseases, 


United States Department of Agriculture. 
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EFFECTS OF LENGTH OF DAY ON 
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RECUMBENCE 


Figure 7 
Marquis and Harvest Queen wheat plants 39 days old. Marquis is located at the left in 
each pot. Grown outdoors in unobstructed daylight with a full sun during the summer of 1930: 
4, 6 hours daylight daily. B, 8 hours daylight daily. C, 15 hours daylight daily. D, 15 hours 


light daily made up of 8 hours daylight with 7 hours from a tungsten lamp. 


It is evident 


that the 8-hour day produces the greatest recumbence, with a tendency toward more upright 
growth when the photoperiod is shorter or longer, and that recumbence is reduced when the 


tungsten lamp is used. 


decumbent or recumbent. The term 
recumbent indicates a leaning or a 
prone position, and since wheat tillers 
bend in different degrees this term 
seems to be the most suitable except 
that the tillers of some varieties will 
bend below the horizontal if given the 
opportunity, thus giving rise to a sub- 
recumbent condition. This being the 
case it might be more appropriate to 
refer to the character in question as 


“tiller bending.” However, the term 
recumbent seems adequate as it cov- 
ers the situation under ordinary field 
conditions. 

In these studies the writers do not 
use the term semi-erect or semi-re- 
cumbent. The term recumbent is used 
to denote the degree of the bending 
(divergence) of the tillers away from 
the vertical axis. Crowding of tillers 
in the crown of the plant will cause di- 
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VARIETAL DIFFERENCES IN REACTION TO LENGTH OF DAY 
Figure 8 

A, Harvest Queen winter wheat grown with a daily photoperiod of 15 hours composed of 
8 hours sunlight and 7 hours of light from a tungsten lamp. Grown outdoors during mid- 
summer. B, Harvest Queen plants grown exactly as A except that the plants in B were given 
15 hours of sunlight daily for four days before the plants were photographed. The addi- 
tional sunlight induced an extremely recumbent condition very quickly. Previous to this four- 
day exposure these plants looked exactly like those in A. 

C-D. Rudy winter wheat grown at 50-70° F. in a greenhouse during the winter. The 
plants were separated from the soil line of the pots by means of long glass tubes filled with 
soil and connecting with the soil in the pots. C, Plant received a daily photoperiod of 11-12 
hours. D, Plant received a daily photoperiod of 8 hours. 


vergence from the vertical as much recumbence was estimated, but a pro- 
as 5-10 degrees without any bending tractor was used from time to time 
of the tillers at the soil line, there- to verify estimates. 

fore, plants showing not more than In certain varieties of winter wheat 
this degree of divergence are tenta- such as Turkey the leaf sheaths are 
tively considered erect. The angle of very short during the autumn growth 
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RATE OF MATURITY NOT CORRELATED WITH RECUMBENCE 
Figure 9 
Recumbent and erect growth habit in spring wheat when grown with a daily photo- 


period of 8 hours with unobstructed midsummer sunlight. 


A, Quality and B, Prelude are 


very early whereas C, Barnatka and D, Kinney are late varieties. 


period. In such plants the leaves fre- 
quently bend at the ligule and assume 
a horizontal or prostrate position on 
the ground. This takes place in small 
seedlings with but one shoot and be- 
fore there is any bending of the shoot 
at the soil line. This condition was 
not used for estimating recumbence 
in these studies. 

The term prostrate is used to de- 


note one type of recumbence, i. e., the 
appressed or flat position of the tillers 
on the surface of the soil. 


Influence of the Length of the Daily 
Photoperiod 


Harvest Queen winter wheat and 
Marquis spring wheat were grown 
outdoors in unobstructed sunlight 
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during midsummer with daily photo- 
periods 6, 8, and 15 hours in length. 
The average degree of recumbence in 
Harvest Queen was as follows: 6 
hours, 55-75 degrees; 8 hours, 60-80 
degrees; 15 hours, 35-80 degrees. In 
Marquis it was as follows: 6 hours, 
0 degrees; 8 hours, 55-75 degrees; 15 
hours, 30-50 degrees. The plants are 
illustrated in Figure 7A, B, and C. 

It is evident from this test that the 
daily photoperiod may be too short as 
well as too long for the greatest ex- 
pression of recumbence. 


Influence of Glass 


Harvest Queen and Marquis wheats 
were grown in glass-covered cases 
and in unobstructed sunlight. Com- 
mon window glass, Vitaglass, Helio- 
glass and Corex G980A (a Corning 
glass) were used. All but the com- 
mon window glass transmit a con- 
siderable amount of the ultra-violet 
portion of the spectrum, but Corex 
G980A transmits by far the greatest 
amount,® being a close rival of fused 
quartz. 

With a daily photoperiod of 8 hours 
in unobstructed sunlight during late 
summer Harvest Queen was recum- 
bent to the extent of 30-40 degrees 
under common window glass, and 
60-80 degrees in unobstructed sun- 
light. Under the same conditions 
Marquis was recumbent to the ex- 
tent of 20-30 degrees under common 
window glass and 60-80 degrees in 
unobstructed sunlight. It will be 
noted that Marquis was just as re- 
cumbent as Harvest Queen in the un- 
obstructed sunlight. However, Mar- 
quis remained recumbent for a short- 
er time than Harvest Queen. 

When compared under Vitaglass, 
Helio-glass and common window 
glass in a full summer day Harvest 
Queen wheat showed no measurable 
differences in recumbence, but under 
Corex G980A recumbence averaged 
50 degrees in contrast with 20 de- 
grees under common window glass, 
and 55 degrees in unobstructed sun- 
light. 
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Influence of Tungsten Light 

Harvest Queen and Marquis wheats 
were compared in midsummer with a 
daily photoperiod of 15 hours. One 
series received direct sunlight only 
and the other received 8 hours of di- 
rect sunlight and 7 hours light from 
a tungsten electric bulb (Mazda “C”) 
which delivered 8-10 foot candles at 
the soil line. 

In Harvest Queen recumbence was 
35-80 degrees in sunlight, and 25-40 
degrees when the tungsten lamp was 
used. In Marquis recumbence was 
30-50 degrees in sunlight, and 0 de- 
grees when the electric lamp was 
used. The plants are illustrated in 
Figures 7C and D. 

Part of the Harvest Queen plants 
receiving sunlight and electric light 
were shifted to full sunlight with no 
change in the length of the photo- 
period. Within four days the plants 
were nearly prostrate as shown in 
Figure 8B, thus showing the pro- 
found influence of bright sunlight on 
the degree of recumbence. 

Influence of Shade 

Harvest Queen wheat was grown 
in summer sunlight with and without 
shade. Shade was provided by means 
of a single bleached cheesecloth with 
44 meshes to the inch. Recumbence 
was 30 degrees in the unobstructed 
sunlight and 0 degrees in the shade, 
indicating that light intensity also is 
a factor influencing the expression of 
recumbence. 

Influence of the Horizontal Soil Sur- 
face on the Bending of the Tillers 

A number of varieties of winter 
wheat were sown in the spring in 
the field nursery and it was observed 
that 8 selections of Turkey and one 
of Rudy became prostrate just as 
they did in the autumn-sown nursery, 
whereas many other winter varieties 
were not quite prostrate in the spring 
nursery, but were prostrate in the 
autumn nursery. 

As the summer season advanced 
the plants in the spring nursery be- 
came more erect, but Rudy was no- 
ticeably tardy and remained complete- 
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ly prostrate until June 1 when the 
tillers showed signs of rising. 

These observations together with 
observations on some of the pros- 
trate wild grasses suggested that the 
tillers of some varieties would bend 
below the horizontal if the influence 
of the soil surface were eliminated. Ac- 
cordingly Rudy wheat was planted in 
long narrow tubes of soil placed in 
pots of soil as shown in Figure 8C-D. 

The illustration in Figure 8D clear- 
ly shows that the surface of the soil 
as in plats or pots will prevent the 
extreme bending of the tillers in 
some varieties. Many of the tillers 
in Figure 8D assume a position 180 
degrees from the vertical position. 


Tests with Spring Varieties 

A group of early, midseason, and 
late spring varieties was tested out- 
doors during the summer with a daily 
photoperiod of 8 hours. Data on re- 
cumbence are given in Table I. Re- 
cumbence was expressed to a great- 
er or less degree by all varieties but 
Barnatka. In ordinary nursery sow- 
ings made in the spring all of these 
varieties class as erect, excepting 
Kinney, which sometimes shows slight 
recumbence. When the plants are 
spaced in the nursery rows a slight 
amount of recumbence occurs in vari- 
eties showing over 50 degrees of re- 
cumbence in the 8-hour photoperiod, 
but it is erratic and too slight for 
making comparative studies. 

In Baroulina’s’ classification of the 
soft wheats two spring varieties ave 
listed as having prostrate seedlings. 
One of these, Persia, is too late to 
head at St. Petersburg. The other, 
Turkestan, apparently is not so late, 
but no statement is made. The writ- 
ers have not observed prostrate types 
among spring varieties when grown 
in the field from spring sowing. 

The data in Table I show a lack of 
consistent correlation between the 
degree of recumbence and relative 
earliness from spring sowing. Typ- 
ical plants of four varieties are illus- 
trated in Figure 9. Prelude, a very 
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early variety, developed recumbence 
to a considerable degree, but Qual- 
ity, also early, was nearly erect. 

While all of the varieties listed in 
Table I are considered spring varie- 
ties? it has been pointed out® that 
Kinney heads earlier under certain 
conditions when the germinated seeds 
are chilled near freezing for 28 days 
before sowing, thus suggesting that 
the variety has a facultative type of 
seasonal growth habit. At Rosslyn, 
Va., Kinney sometimes fails to head 
in the spring nursery. 

Hard Federation was recumbent 
to the extent of 30-40 degrees when 
grown with an 8-hour day outdoors 
in midsummer, but when given the 
same length of day in a greenhouse 
during the winter* this variety was 
erect probably because of the green- 
house glass and the relatively low in- 
tensity of the light. 


Table I. The degree of recumbence expressed by 21 
varieties of spring wheat when grown in pots outdoors 
during the summer with 4 daily photoperiod of 6 hours, 
and the number of days from sowing to first heading in 
the spring nursery. 


Variety c. I. No. of days Degree of re- 
No. from sowing cumbence with 
to first 68-hour day. 
heading. 
Prelude 4323 60-75 
Quality 6157 55 20-2: 
Reward 6182 57 35-45 
Bunyip 5125 20-25 
Hard Federation 4980 s9 50-60 
1697 59 50-60 
Sonora 3036 60 35-45 
Haynes Bluesten 2874 63 20-25 
Hope 8178 63 20-25 
Kota 5678 64 50-60 
Marquis 3641 65 60-75 
Rink 5868 68 35-45 
Barnatka 8214 69 5-10 
Humpback 3690 35-45 
Touse 6017 69 35-45 
Bluechafft 5256 72 35-45 
New Zealand 6011 72 20-25 
Pacific Bluestem) 4067 72 50-60 
Sevier 6247 72 50-60 
Jenkin 5177 7 50-60 
Kinney 5169 80 75-90 
Table II. Test illustrating the lack of correlation 


between the characteristic recumbence and the relative 
‘temperature requirements of the initial growth phase 
for the earliest subsequent heading in five winter va- 
rieties. 


Temperature require- Degree of re- 
ments during the ini-| cumbence in an 
tial growth period in| 8-hour day 
Variety days.@ near 60°F. 
Deg. F. Days 
Red Winter spelt 55-72 15-25 80 
Harvest Queen 45-60 35-45 50 
Minhardi 45-60 35-45 50 
Turkey, 45-60 35-45 90 
Hybrid *x* 40-45 35-45 20 
@These data are based on an 8-hour daily photoperiod 


during the initial growth period, after which tempera- 
tures were near 70-75°F. with a daily photoperiod of 16 
-16 hours. 


McKinney and Sando: Recumbent Wheat 


The most extreme expression of re- 
cumbence in the writers’ experiments 
has been in winter varieties falling in 
the midseason group at Rosslyn, Va. 
All midseason varieties, however, do 
not express the same degree of re- 
cumbence, Harvest Queen and Tur- 
key, e. g., both being midseason for 
earliness, but Harvest Queen is less 
recumbent than Turkey (Table IJ). 

It has been shown® that winter 
varieties differ in their temperature 
requirements during the initial growth 
period with respect to their earliest 
heading when subsequently grown at 
high temperatures. Other tests in- 
dicate that these first-phase tempera- 
ture characteristics of winter varie- 
ties are not consistently correlated 
with the degree of recumbence ex- 
pressed by the varieties. In Table II 
it will be noted that the Hybrid “X” 
has the lowest temperature charac- 
teristic, yet it develops the least re- 
cumbence in the group. Red Winter 
spelt has the highest temperature 
characteristic, yet it is nearly as re- 
cumbent as Turkey. Harvest Queen, 
Minhardi and Turkey fall in the same 
temperature group, but they range 
from 50 to 90 degrees in their ex- 
pression of recumbence. 

Discussion and Summary 

From the evidence now available it 
appears that recumbence is a quanti- 
tative character in wheat. The char- 
acter is accentuated by bright sun- 
light and by short daily photoperiods 
near 8 hours in length. Light from 
Mazda “C” tungsten lamps and that 
transmitted through glass and cheese- 
cloth shades reduced the degree of 


307 


recumbence. Corex G980A glass fa- 
vored recumbence more than any 
other glass tested, suggesting that 
recumbence is favored by the shorter 
wave lengths of light which are 
transmitted by this glass and which 
are not transmitted appreciably by 
the other glasses. 

Spring wheats which are erect un- 
der ordinary culture conditions in the 
field in some instances develop a con- 
siderable degree of recumbence in an 
8-hour day. It seems evident, there- 
fore, that some spring wheats carry 
one or more genetic factors for re- 
cumbence, but which cannot be de- 
tected under the ordina:y cultural con- 
ditions. 

Since the horizontal surface of the 
soil prevents the maximum downward 
bending of the tillers in Rudy wheat 
it is evident that the extreme geno- 
type for tiller bending cannot be ob- 
tained when plants are grown in the 
ordinary manner. 

The several degrees of recumbence 
expressed by the spring varieties test- 
ed are not consistently correlated 
with the degree of earliness of the 
varieties in the spring nursery, nor 
were they consistently correlated with 
the initial low-temperature require- 
ments for earliness in the winter 
wheats tested. The greatest degree 
of recumbence observed thus far in 
wheat has been observed among win- 
ter varieties which rank as midseason 
for earliness, though all midseason 
varieties are not equal in their ex- 
pression of recumbence in the au- 
tumn. 
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THE ORIGIN OF A SUPERIOR RED-FLESHED 
GRAPEFRUIT 
Bud Mutation of the Thompson Variety of Possible Horticultural Value 


INCE the introduction of the 

Thompson (pink-fleshed, seedless) 
grapefruit in the Lower Rio Grande 
Valley there has been a demand for a 
variety that would possess the desir- 
able characters of the Thompson 
grapefruit but would also be possessed 
of the attractive pink “blush” on the 
outside of the fruit, characteristic of 
the Foster variety. A constant search 
has been made for a grapefruit of 
this kind and many reports have been 
received about the existence of such 
bud varieties. However, it remained 
for Mr. A. E. Henninger of McAllen, 
Texas, to fill this need of the Valley 
citrus grower. Mr. Henninger has 
not only discovered and isolated a 
strain of Thompson grapefruit that 
shows a distinct pink “blush” on the 
outside but has combined this desir- 
able feature with a much deeper, more 
attractive flesh color than that shown 
by the original Thompson grapefruit. 
Since the Thompson is a pink-fleshed 
sport of the Marsh, a seedless variety, 
it appears likely that this is a domi- 
nant gene mutation and that the new 
variety represents a new somatic mu- 
tation at the same locus. If this is 
the case, the effect is cumulative and 
the new sport would be expected to be 
homozygous for this factor. 


This discovery of the “Ruby” grape- 
fruit, as the new variety is known, 
came about while Mr. Henninger was 
walking through his grove in August, 
1929, and chanced to see a windfall 
near one of his Thompson grapefruit 
trees that showed a distinct pink 
“blush” on the outside of the rind. 
Realizing the importance of such a 
discovery, Mr. Henninger immediate- 


ly set about to find the limb from 
which the “blushing” fruit came. He 
was unsuccessful in his attempt to lo- 
cate the “sporting” limb that season 
but renewed his efforts during the 
summer of 1930. After a prolonged 
search he found two limbs that were 
carrying a number of fruits showing 
the much sought for “blush.” Sev- 
eral limbs originating from the main 
framework branch were also thought 
to carry the factor for superior fruit 
color but were removed later on after 
they were found to be ordinary 
Thompson limbs. 


Mr. Henninger realized that a sec- 
ond budling generation would have 
to be produced, true to the type of 
the original parent limb, before he 
could say with assurance that he had 
discovered a new variety of grape- 
fruit. He, therefore, propagated a 
number of budded trees from the two 
original limb sports and has brought 
these trees to fruition. The fact that 
these “second generation” budlings 
are producing fruit that shows the 
distinct pink blush on the outside and 
the deep spectrum red flesh color 
proves beyond doubt that a new strain 
has been isolated. In recognition of 
his discovery, the U. S. Patent Office 
has granted Mr. Henninger a patent 
on his new Ruby Grapefruit (plant 
Patent No. 53). Mr. Henninger de- 
serves much credit for his work in 
isolating this first Valley variety and 
his Ruby grapefruit may prove to be 
a valuable contribution to sub-tropical 
horticulture. 

W. H. Frienp 
Texas Agricultural Experiment 
Station, Weslaco, Texas. 


POLYDACTYLOUS GUINEA PIGS 
Two Types Respectively Heterozygous and Homozygous in the Same 
Mutant Gene 


SEWALL WRIGHT 
The University of Chicago 


HE guinea pig, like all of the 

wild species of the Family Ca- 

viidae, has four digits on the 
front feet and only three on the hind 
feet. The thumbs, little toes, and big 
toes are the ones which are missing. 
The return of an atavistic little toe is 
not, however, uncommon, although 
presumably lost for periods to be 
measured in terms of geologic time. 
Castle in 1906! produced by selection 
a strain which breeds true to perfect 
development of this digit. 

Crosses between this four-toed strain 
and normal inbred strains have given 
various results, in one case closely 
simulating simple Mendelian heredity 
for two generations.? Further an- 
alysis in this and all other cases has 
demonstrated that there must be mul- 
tiple factors among which no one is 
of major importance. Occurrence de- 
pends on the crossing of a physiolog- 
ical threshold and not on segregation 
of a unit factor. It is not surprising 
that there is considerable influence of 
environmental conditions. The most 
important of these seems to be the 
maturity of the mother. In a strain 
near the threshold, the percentage is 
high from immature mothers, espe- 
cially from ones under six months of 
age. 
Other Forms of Polydactyly 

What seems an utterly distinct 
type of polydactyly is occasionally 
found in animals with a certain type 
of malformation of the legs, although 
much less frequent in these than is 
loss of digits. In this case there is 
symmetrical duplication of a digit 
rather than recurrence of an atavis- 
tic digit. In at least one case, how- 
ever, the atavistic type of little toe 


occurred in an animal with malformed 
legs in an inbred family in which 
atavistic polydactyly had never be- 
fore been recorded among several 
thousand young. The condition to be 
described next also warns against 
drawing an absolute line between dif- 
ferent types of polydactyly. 

A mutant with thumbs, little toes 
and one big toe, all rudimentary, ap- 
peared in 1928 in an otherwise nor- 
mal stock. Among his descendants 
there has been clear evidence of seg- 
regation of a unit Mendelian factor.” 
The heterozygotes (Pxpx) usually 
have thumbs set well back on the 
hands and half opposed to the fingers. 
The little toes are also present as a 
rule and are exactly like those of the 
common four-toed stocks. The big toes 
appear less frequently. The occur- 
rence of these digits varies consider- 
ably in different outcrosses. In the 
original stock, some individuals have 
been shown to possess the gene al- 
though with no atavistic digits. In 
one outcross to a normal strain the 
thumbs are strengthened but little 
toes appear less frequently and big 
toes not at all. After crossing with 
the old four-toed stock, the thumbs and 
little toes are invariably found in 
heterozygotes and the big toes in 
more than half of them. Figure 10 
shows a heterozygote with all four 
feet pentadactyl. 

The homozygotes have turned out 
to be monsters which usually die at 
an early stage of development (10-15 
mm.) but which occasionally reach 
birth to die at once thereafter. They 
have short distorted legs. The soles 
of the feet face the belly. Each of 
the feet spreads out into a paddle- 
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Wright: Polydactylous Guinea Pigs 
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PROFILE VIEWS OF NORMAL AND MONSTROUS GUINEA PIGS 
Figure 11 


Normal (pxpx) guinea pig above and monstrous (PxPx) below. 
small eye (microphthalmia), and bulging forehead of the latter. 


Note clubbed feet, 
These monsters rarely survive 


until birth, while the heterozygotes with extra toes (Figure 10) are very vigorous, and may 
even be described as “super-normal” in that the number of their toes coincides with that 


characteristic of most rodents. 


like structure with from 7 to 12 short 
undifferentiated digits (total num- 
bers up to 44). The number is some- 
what indefinite because of the occur- 
rence of all grades of duplication of 
nails. The head also is grossly ab- 
normal, having a bulging forehead 
and occasionally a protruding brain. 
There is always microphthalmia. In 


several, the nostrils have been con- 
nected with the mouth by clefts. Such 
a monster is shown in ventral and 
lateral views in Figures 10 and 11 re- 
spectively. 

It is somewhat surprising that the 
same gene should be responsible for 
two such different sorts of polydacty- 
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ly. The thoroughly vigorous penta- 
dactyl heterozygotes appear to be 
more “normal” as hystricomorph ro- 
dents than are ordinary guinea pigs 
or wild cavies. The homozygotes on 
the other hand are grossly monstrous 


The Journal of Heredity 


in their type of polydactyly as in 
other respects. Clearly the border 
line between normal and monstrous 
types of morphological change is an 
arbitrary one from the genetic stand- 
point. 
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The Story of Eggs and Poultry 


HE title “Eggs” for these two 
books* is somewhat of a mis- 
nomer since, in addition to eggs, 
chickens, turkeys, ducks, and geese 
are considered in both books. The 
books include a variety of subjects not 
only for those engaged in the keeping 
of poultry but also for the much larg- 
er group — the people who eat the 
chickens and the eggs. Subjects are 
also included of interest to the pro- 
cessor, dealer, teacher, and scientist. 
Book I contains a brief history of 
poultry and eggs, approximately one- 
third of it being devoted to poultry 
keeping. The chapter on “The mys- 
tery of the egg and chick,” by Ed- 
ward N. Wentworth, Jr., is written 
clearly, and includes a discussion of 
the formation of egg and its parts, the 
process of fertilization and the devel- 
opment of the chick. 

In the chapter on “How cold stor- 
age came to the rescue,” is given a 
much needed and often neglected 
story of the cold storage of eggs and 
poultry, which is especially valuable. 
It includes a description of how eggs 
are tested, how cold storage keeps 
good eggs good, and how eggs are 
transported. It also includes a brief 
story of the processing of eggs and 
the use of processed eggs. 


The final chapter, written for the 
consumer, flock owner, and market 
man, discusses some price curves and 
consumption facts. It also points out 
the road to progress. 

Book II should be of great interest 
to consumers of eggs and poultry, and 
this includes people in all walks of life. 
Mrs. Snyder writes clearly and inter- 
estingly of the place of eggs in the 
diet and in cookery. Many valuable 
hints are given on the buying of eggs 
with a discussion of consumer prefer- 
ences. 

The hows and whys in cooking poul- 
try from broiler to fricassee are well 
related. The housewife will appreci- 
ate the illustrations of how to cut a 
chicken to make from 4 to 7 portions. 
The men folk will more than welcome 
the discussion of and directions for 
carving a bird. 

Of especial interest to the housewife 
are 800 recipes given in a brief, clear, 
and simple manner. These recipes are 
of considerable value in the prepara- 
tion and use of eggs and poultry. 

These two books are a source of 
considerable information and should 
be a welcome addition to any general 
agricultural library. 

C. W. Knox 
Bureau of Animal Industry 


*PENNINGTON, MAry ENGLE, Piatt, Frank L., MANDEVILLE, PAUuL, and staff. Eggs. 


Book II by Crara GERHARD SNYDER. 


Progress Publications, Chicago, 1933. 


A STATISTICAL STUDY OF A TYPICAL 
SOUTHERN GENEALOGY 


RoLtanp M. HARPER 
University, Alabama 


ANY genealogies have been 
M compiled and published, most- 

ly by persons with scholarly 
tastes and plenty of leisure and en- 
thusiasm, and little hope of pecuniary 
reward, but generally little use is 
made of them afterward except by 
persons seeking information about 
their more or less distinguished an- 
cestors. However, any one who is 
willing to spend a little time analyz- 
ing a genealogy can dig out from any 
reasonably complete one a multitude 
of significant facts about age at mar- 
riage, length of generations, size of 
families, etc., which may be typical 
of a large population. 

Most American genealogies, appar- 
ently, begin with New England, be- 
cause that part of the country has 
been longest settled by scholarly peo- 
ple. There are, however, quite a 
number of southern ones, dealing 
with families that migrated from 
England to Virginia or thereabouts 
in the 17th or 18th century and gradu- 
ally drifted farther southward or 
westward. One such, dealing with 
the Key family, has lately come into 
the hands of the writer. It is a book 
of 495 pages, containing about 12,000 
names, compiled by Mrs. Julian C. 
Lane of Statesboro, Georgia, and 
published by her in 1931. It has the 
distinct advantage over most others 
of bringing the records well down 
into the present century, and includ- 
ing several people born since 1900 
who already have children. 

As is inevitable in genealogies, 
many of the records are incomplete, 
especially as to dates. But I have 
picked out from it reasonably com- 
plete records of about 1,100 fainilies 
with about 5,300 children, which is a 
fairly adequate sample for statistical 


purposes. Where dates of birth or 
marriage are lacking they can often 
be approximated closely enough by 
means of other dates given. Un- 
fortunately the book is marred by 
many typographical errors, involving 
dates, and even the number of chil- 
dren in a family is sometimes uncer- 
tain, on account of the punctuation, 
or the practice of running three or 
four generations into one paragraph, 
with the same kind of type and no 
serial numbers. But in many such 
cases the error is self-evident and 
can be corrected by the reader; and 
errors that escape detection tend to 
balance each other when many rec- 
ords are combined. And records that 
are too indefinite are not used. 

The book is divided into several 
sections, dealing with different Key 
ancestors who migrated from Eng- 
land at different times (and who may 
or may not have been closely re- 
lated), and with several other fam- 
ily groups that have married into the 
Keys. Some of the Keys themselves 
after coming to America spelled the 
the name in different ways, some- 
times purposely to avoid confusion, 
and sometimes carelessly in the days 
when spelling was not well standard- 
ized and many people were illiterate. 
The principal variants listed are Kay, 
Kea, Kee, Keyes and Keys. 

In the following analysis all the 
different branches have been com- 
bined for statistical purposes except 
the first two, which have been kept 
separate for geographical reasons. 
The first begins with Philip Key, 
who was born in England in 1696, 
and migrated to Maryland in 1720. 
He was the great-grandfather of 
Francis Scott Key (to whom many 
pages are devoted). The members of 


363 


364 


this branch whose residences are re- 
corded lived mostly in Maryland, and 
very few came farther south. 


The second branch begins with 
John Key, a member of William 
Penn’s colony, who came with his 
wife from England to Pennsylvania 
in 1682. His descendants about 100 
years later changed the name to Kay, 
and most of them seem to have lived 
and died in Pennsylvania, particu- 
larly in Bedford County. Several 
moved to Ohio and farther west, but 
none is recorded as having lived 
south of Kentucky. These two north- 
ern branches are not used in the sta- 
tistics, except in the study of size of 
families, and there they are kept 
separate from the others for com- 
parison. 

As in most other genealogies, defi- 
nite information about birthplaces 
and residences is given in less than 
half the cases; but it is evident 
enough that the remaining branches 
were for the most part typical south- 
erners. A few indeed settled first 
in Massachusetts, but their recorded 
descendants moved southward. As far 
as the records show, up to 1790 more 
of them were born in Virginia than 
any other state. From about 1790 to 
1890 Georgia was far in the lead, 
and it was then overtaken by Ala- 
bama. One line settled in the Baha- 
mas, and some of those moved later 
to Key West, Florida. 


Of those born in the middle of 
the 18th century, nearly ds many 
finally lived in South Carolina and 
Virginia as in Georgia, but in the 
next hundred years Georgia was in 
the lead as a state of residence, and 
it was then supplanted by Alabama, 
with Texas not far behind, illustrat- 
ing the westward migration of many 
southern families. 

As well as we can judge from in- 
complete data, nearly half the south- 
ern Keys and their descendants were 
born in Georgia, Alabama, or Texas, 
and a trifle over half had their last 
residence in one uf those three states. 
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Occupations 
A few words may be said about 
occupations. Those are specified in 
only a small number of cases, per- 
haps not one in ten, but it is a rea- 
sonable assumption that most of the 
men were farmers, for most of the 
people in the South have lived on 
farms until quite recently. The oc- 
cupations indicated range all the way 
from statesmen, public officials, law- 
yers, doctors, ministers, to merchants 
and at least one barber and one coal- 
miner. The Keys and their near 
relatives therefore presumably rep- 
resent a typical sample of the white 
population of the South, exclusive of 
the small illiterate azd criminal ele- 
ments (which, of course, would hard- 
ly appear in genealogies). 
Sex Ratios 
Turning now to the statistics of 
families, the sex ratio may be con- 
sidered first, for that is fixed at birth. 
The middle curve in Figure 12 shows 
the per cent of males among the chil- 
dren, arranged according to years of 
birth of the parents (assembled in 
five-year or longer groups in order 
to have enough data for accurate 
averages). In the genealogy the sex 
is sometimes uncertain, as when the 
number of children is given without 
their, names, or when the given name 
is ambiguous (e. g., Marion, Willie), 
but such uncertainties should balance 
each other pretty well in the long 
run. In any large number of births 
there are nearly always a few more 
boys than girls, and the per cent of 
males in all the southern Key fami- 
lies combined is 51.0, corresponding 
to a sex ratio of 1.04, which is quite 
close to the present national white 
average. The fluctuations from one 
decade to another shown by the 
curve would be more significant if 
larger numbers were involved, but 
the distinct rise after 1837, and the 
depression in the 60’s, probably do 
mean something. 
It was noticed long ago that the 
proportion of boys born tends to in- 
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VITAL STATISTICS OF THE SOUTHERN KEYS 
Figure 12 
Longevity of married couples, sex ratios of children and average age at first marriage, 


for the southern Keys and their relatives. 


numbers at the sides are percentages for the middle curve and ages for the others. 


The dates at the bottom are birth dates and the 


Note 


that for the middle curve the years are not those when the children were born, but when 


their parents were born. 


1820 married at the age of 25, had 48% of his children sons, and died at 61. 


For example, the average married man of this stock born around 


The curves 


for women do not go as far back as those for men, because there were too few women in 


the early generations for accurate averages. 


crease during and soon after a war; 
and the statistics of sex ratios of 
children under ten years old, in Geor- 
gia and other southern states, show 
this unmistakably in the sixties. and 
seventies. The parents of such chil- 
dren would be likely to have been 
born around 1840, when the curve 
just mentioned was trending upward. 
Age at Marriage 

It seems to be a rather common 
belief at present that people marry 
later now than they did a generation 
or more ago, perhaps on account of 
spending more time getting an edu- 
cation. That may be true of college 
graduates, who indeed form a larger 
proportion of the population now 
than formerly, but they are still rela- 
tively few, and they must be pretty 


well counterbalanced by an increasing 
number of persons who rush into 
matrimony without “looking before 
they leap,” for available statistics for 


the United States do not show much 
change other than temporary fluctua- 
tions, and a slight downward trend 
in the last decade or two. The two 
lower curves in Figure 12 show the 
average age at first marriage of men 
and women (both Key descendants 
and their spouses) born in the years 
indicated at the bottom. The age of 
marriage is given for about two- 
thirds of the married descendants 
studied, and for many of their 
spouses besides, so that these data 
ought to be representative enough. 
In some cases where the date of mar- 
riage is not given it can be approxi- 
mated closely enough by assuming 
that it was a year before the birth 
of the first child, especially where the 
couple is so young that it could not 
have been much earlier than that. 
As before, these data are assembled 
by periods of five years or longer, in 
order to eliminate random fluctuations. 
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For men the average age at first 
marriage remained between 25 and 26 
most of the time up to 1860 (mean- 
ing those born then) and then went up 
pretty sharply for those born imme- 
diately after the Civil War, and has 
trended downward since. The average 
for women born before 1830 was 
close to 20 (with a few marrying 
as early as 13 or 14 if the dates 
are correct), and after that there was 
a distinct upward trend for fifty 
years or so. In the 18th century the 
men were about six years older than 
their wives (assuming that all ages 
were given correctly), while in 1895 
(meaning those marrying around 
1920) there was only two years’ dif- 
ference, apparently. 

Of course some men born in the 
80’s and 90’s may not be married yet, 
and if they do so later that will raise 
the curve for men a little. But 
United States census figures show a 
tendency for men to marry a little 
earlier in recent years, which may be 
due partly to an increasing propor- 
tion of women in the population, and 
partly to the income tax, which pe- 
nalizes bachelors. This tendency, while 
doubtless approved by some, is un- 
fortunate in a way, for early mar- 
riages seem more likely to end in 
divorce than late ones. 


Second Marriages 


About 22 of the men and 11 of the 
women are recorded as having mar- 
ried more than once, with both dates 
given, but the total number of sec- 
ond marriages must be about double 
these figures, or say eight per cent 
of the men and five per cent of the 
women. The men who married 
twice, according to the available 
figures, did so the first time at the 
age of 23.3 and second at 39.3, and 
the women at 21.8 and 33.2. If sim- 
ilar data were available for the 
whole white population of the South 
(which is not the case), they prob- 
ably would not differ much from 
these. There are not enough third 
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marriages to be worth averaging, 
though one woman is said to have 
married six times. Only one divorce 
seems to be mentioned (that occurring 
in 1925), but of course there may 
have been others, that were not 
“shouted from the housetops.” How- 
ever, as is well known, divorce has 
been rare among respectable people 
until very recent times. 


Longevity 

The longevity of married persons 
is shown by the two upper curves in 
Figure 12. These curves end at 1845, 
for an increasing proportion of those 
born after that are still living, and 
when they finally die they will make 
the averages higher than they would 
be if based only on those who have 
already died. The men of this group 
seem to have always lived longer on 
the average than the women, which 
is not true in modern times, especial- 
ly in cities. Perhaps the hardships 
of a farm woman’s life may be the 
best explanation of this difference. 
Another factor is that some of the 
married women died at an age when 
most of the men were not yet mar- 
ried. 

The surprising thing about these 
longevity curves is their downward 
trend in the 19th century, in spite of 
the great progress of medical science 
in combating disease. Persons born 
in the 18th century lived and died 
at a time when medicine was in its 
infancy, and nothing was known of 
anaesthetics, germs, calories or vi- 
tamins, and yet most of the married 
men of that period rounded out the 
proverbial three-score and ten, and 
the women about five years less, 
while those born around 1845, many 
or most of whom lived into the 20th 
century, had about eight years’ less 
expectation of life. 

This seeming paradox may be ex- 
plained as follows. Medical science 
has had its greatest success in com- 
bating germ diseases which formerly 
carried off many children and young 
adults, but it has made little headway 
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yet with chronic diseases to which 
middle-aged and older people suc- 
cumb. And indeed many people with 
weak constitutions, who at an earlier 
period might have died from some of 
the common ailments of childhood, 
are now saved to grow up and per- 
haps marry and have a few children, 
and then become an easy prey to 
heart disease, cancer, or something 
of the sort. So perhaps in this way 
the human race is gradually becom- 
ing weaker instead of stronger. 

Persons who grow up and marry 
have of course escaped or survived 
the ills of childhood, and then they 
have to have reasonably good health 
in order to marry. Men who die say 
around 25 or 30, unless from accidents 
or epidemics, are not very likely to 
have ventured marriage before that, 
on account of poor health. Another 
point to be considered is that doubt- 
less a larger proportion of the 18th 
century people listed than of the 19th 
were healthy enough to have children 
and grandchildren, for if there were 
any childless couples in the 18th cen- 
tury they would be less likely than 
those with large families to be in- 
cluded in a 20th century genealogy. 
A few years ago Miss Alice Gould, 
by a study of unpublished family rec- 
ords and several northern geneal- 
ogies,* showed that the average lon- 
gevity of grandparents—including 
those who did not live to see their 
grandchildren—was 70.7 years (men 
70.98, women 70.33), as compared 
with 61.85 (men 60.68, women 62.96) 
for people who had children but 
never any grandchildren. 


Size of Families 


The most significant inquiry is that 
relating to the size of families, or 
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total number of children born to each 
couple. The calculations are based 
on the original immigrants and all 
their married descendants whose dates 
of birth are given, or can be approxi- 
mated closely enough to put them in 
the proper decade, and whose chil- 
dren are enumerated, or who are 
listed as childless. No married per- 
sons born since 1895 ate included, for 
their families may not be complete. 
The children of male and female de- 
scendants have been kept separate, 
except in some of the curves which 
combine them, as indicated. 


An element of uncertainty is caused 
by the fact that, as is probably the 
case with all genealogies, some of the 
descendants were not followed up far 
enough to see whether they ever 
married or not, or if married, wheth- 
er they had any children or not; and 
such may have had more or fewer 
children than their brothers, sisters 
or cousins who are more fully re- 
ported. But it is assumed that any 
such omissions would balance each 
other pretty well. Where a marriage 
is indicated and nothing is said about 
children, however, it is not assumed 
that there were none, unless there is 
strong presumptive evidence to that 
effect ; and such incompletely reported 
couples are usually disregarded. 

Another difficulty is that even if 
the genealogical work was absolutely 
complete and accurate, the method 
here used, of averaging up the chil- 
dren of all married couples, does not 
quite tell the whole story. For it 
would be theoretically possible for a 
certain family, or many families at 
about the same period, to have say 
six children, and only one of those 
married, and that one again have six 


175-178. Dec., 1927. 


*Longevity of grandparents.—Eugenical News (Cold Spring Harbor, N. Y.) 12:166-171, 


tAs in every genealogy, it is of course impossible to have all the thousands of records 
equally up to date; and although the book was published in 1931, and some births and 
deaths as late as 1929 are included, the records of some families must be a few years 


older than that. 


For example, on page 130 a girl born in October, 1909, is said to be “now 


17 years old,” which seems to indicate that the information was communicated in 1926 


or 1927. 
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children. That would indicate a dwin- 
dling stock, the same as if three mar- 
ried but had only two children each, 
but the resulting graph would be 
quite different. About the best we 
can do under the circumstances, until 
more refined methods are devised, is 
to assume that the proportion grow- 
ing up and marrying is about the 
same in each Peneration. 

Still another thing to be considered 
is that some families are limited, not 
voluntarily or by any lack of vigor, 
but by the early death of one parent 
from accident or an epidemic. How- 
ever, there is certainly no reason to 
suppose that such cases are any 
more frequent in later than in earlier 
periods. And in spite of all these 
possible sources of error, the secular 
trend toward smaller families is un- 
mistakable, and perfectly consistent 
with the results obtained from census 
data and various other sources. 

Figure 13 shows the average num- 
ber of children per family for parents 
bern in the years indicated bv the 
scale at the bottom. From 1836 on 
the families are assembled in _five- 
year groups, but for earlier periods 
longer intervals are used, to compen- 
sate for the smaller numbers. The 
upper continuous line is for both men 
and women, in the southern branches, 
and the dotted lines are for men and 
women separately. That for men 
goes back considerably farther than 
that for women, for the earliest rec- 
ords are more complete for men than 
for women, and the proportion of 
men may have been larger among the 
early settlers than it is today any- 
way. The lower continuous curve 
is for the Key and and Kay lines of 


Maryland and Pennsylvania, com- 
bined because the number in each is 
too small to warrant separating 
them. 


If no person married more than 
once, the curves for children of the 
two sexes should practically coincide; 
but the men usually have a few more 
children than the women _ because 
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more of them marry twice, as already 
indicated. 

In the 18th century families of 
seven or eight children seem to have 
been the rule in all branches of the 
Key family; and this agrees very 
well with the indications of other 
genealogies, and with an observation 
attributed to Benjamin Franklin. Just 
what may have been the condition 
in previous centuries cannot be stated 
with certainty, but it does not seem 
probable that the American Indians 
before the arrival of Columbus, or 
even the cave men of the Stone Age, 
could have averaged much more than 
eight children apiece, for it would 
have been too great a burden to feed 
them. 

Since the 18th century the trend 
has been decidedly downward, until 
by the end of the 19th century the 
southern Key descendants (referring 
of course to those born then, and 
marrying say 1920-1925) were having 
less than three children apiece, which 
is supposed to be the minimum neces- 
sary for the perpetuation of the hu- 
man race (for some die in childhood 
and some who grow up do not marry 
or do not have children). Of course 
the curve may be a little too low at 
the right, for some people born be- 
tween 1885 and 1895, or even earlier, 
may have one or two more children 
yet; but families that looked as if 
they might be incomplete were left 
out of consideration. 

Descendants of Francis Scott Key 

The Maryland and Pennsylvania 
lines have dwindled faster, and seem 
to have almost died out, unless they 
have some descendants that the com- 
piler overlooked. A striking case is 
that of Francis Scott Key himself. 
He had 11 children and 45 grand- 
children, which should have been 
enough to assure at least 100 in the 
next generation. But the book re- 
cords only 28 great-grandchildren 
(born between 1856 and 1896), and 
only 15 (mostly females) in the 


fourth generation (1892 to 1917). 


‘ 
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THE FALLING KEY BIRTH RATE 
Figure 13 
Average number of children in presumably completed Key families at different periods, 
separating the Maryland and Pennsylvania branches from the more southern ones. The years 
at the bottom indicate dates of birth of married persons, as in Figure 12. The upper continu- 
ous line is for the four southern branches combined, and the dotted lines adjacent are for 
men and women separately. The lower continuous line is for the Francis Scott Key tribe 
of Maryland and the Kays of Pennsylvania combined. At the present time both branches 


are having families smaller than are required to maintain a stationary population. 


Most of the great-grandchildren are 
still living, and it should be easy 
enough to get information about 
them and their descendants, so that it 
does not seem likely that many were 
overlooked. 

In the Kay line of Pennsylvania, 
the last married man recorded was 
born in 1860,* and the last married 
woman in 1844, and neither of those 
appears to have had any children. 

The irregularity of the main curve 
may be due in large measure to the 
use of rather stnall numbers in com- 
puting averages, as is indeed indi- 
cated by the still greater irregularity 
of the curves for men and women 
separately. But there are two de- 


pressions which have not been found 
in the statistics from northern gene- 
alogies, and may _ reasonably be 
ascribed to the Civil War, which in- 
volved a much larger proportion of 
the population of the South than of 
the North. Persons born around 
1840—and ultimately married—had 
fewer children than those a little 
older or younger, probably because 
the war interfered by taking many 
young men away from home, and of 
course killing many of them. Those 
born between 1860 and 1865 had de- 
cidedly fewer than those five years 
older, and there was a still further 
drop in the next five years, followed 
by a temporary recovery. 


*The writer was well acquainted with this man, who was a professor at the University 
of Alabama from 1903 to 1912 (listed in Who’s Who in America), and died about the time 


this genealogy was published. 
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This sag in the 60’s, which affected 
both men and women, may indicate 
that children born during the trying 
days of war and reconstruction were 
weaker than usual, and less fitted to 
raise large families. This however 
should be tested by a study of a few 
other southern genealogies before be- 
ing asserted as a general principle.* 
It is a curious and perhaps significant 
fact that the people born during the 
60’s had more daughters than sons, 
as is indicated by the middle curve 
of Figure 12, and that the men of that 
period married later than usual, as 
shown by one of the lower curves. 


Conclusion 

As stated above, the Key tribe 
(southern branches) is believed to be 
quite representative of the white 
population of the South, outside of 
the small illiterate and criminal ele- 
ments which are found everywhere. 
Census figures give us ample evidence 
of shrinking families in this and 
other civilized countries, especially 
since 1850, when the first reasonably 
complete count of (white) families 
was made in the United States. But 
it is probable that the decline in the 
South as a whole has not been quite 
as sharp as these curves indicate, 
for two or three reasons. 

First, the families represented in 
this or any other genealogy may have 
been larger than the average in the 
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18th century, for even then there 
must have been some families with 
few or no children, that have since 
died out and are not represented in 
any modern’ genealogy. Second, 
genealogies are generally written by 
persons with few or no children (for 
others would hardly have time), who 
have more ancestors to look back to 
than descendants to look forward 
to, and such persons may have many 
brothers, sisters and cousins similarly 
situated. So the genealogy families 
at the time such works are written 
are likely to be smaller than those 
of their neighbors. The possibility 
of some of the latest families being 
incomplete has been mentioned above, 
and guarded against to some extent.f 

The shrinkage of families (or de- 
clining birth-rate, which amounts to 
the same thing) is practically a 
world-wide phenomenon, and it has 
been discussed by many writers, 
who are far from being in agreement 
as to its fundamental causes. No at- 
tempt will be made to solve the prob- 
lem here (except as suggested above 
under the head of longevity), for that 
would extend this article beyond rea- 
sonable limits. Neither will any pre- 
dictions be made now about future 
developments, which certainly do not 
look very encouraging. But we should 
know a good deal more about it a 
decade or so hence. 


*An interesting corroboration of this was found by the writer in the fall of 1933, in a 


study of about 100 farm families in northeastern Alabama. 


The farmers born around 1896 


(whose parents were born mostly in the late 60’s) had fewer brothers and sisters than those 
born a little earlier and later, perhaps for the reason here suggested. There is a possibility, 
however, that the nation-wide hard times between 1893 and 1898 may have had something 


to do with it, too. 


tIn this connection see Ellsworth Huntington, A Neglected Tendency in Eugenics 
(Social Forces, 12:1-8, Oct., 1933); especially graph on page 2. 


| 


WOOLLY HAIR IN SWINE 


A. O. Ruoap 


Escola Superior de Agricultura e Veternaria, Minas Gerais, Brazil 


the herd of swine at this college, the 

writer noticed a native pig with a 
peculiar hair character. On inquiry this 
character was found to be one quite 
often encountered in swine of the re- 
gion and known locally under several 
names, “cabello do negro” or negro 
hair, “cabello torcido” or curly hair, 
and “cabello enrolado,” crinkly or 
woolly hair. Any one of these local 
designations of the character describes 
it equally well and these names for 
this type of hair will be used inter- 
changeably in this article. 


Description of the Character 


The woolly hair condition extends 
over the whole body, there being no 
regional differences in hair type. Spe- 
cimen hairs taken from any part of 
the body show an anatomical similar- 
ity with hair taken from any other 
part especially with reference to the 
flattened shaft, an anatomical peculiar- 
ity of woolly hair. In man the hair of 
the ulotrichous or woolly-haired races 
(Bushmen, negroes, etc.) is character- 
ized, in cross section, by the flattened 
oval or kidney-shaped shaft and fre- 
quently by absence of the medulla. 
Mohr? describes the same structure 
in woolly-haired Nordics. In normal 
straight hair the shaft, in cross sec- 
tion, is roundish or oval. 

Although the woolly condition ex- 
tends over the whole body it is not 
always equally pronounced for in 
those parts that constantly come in 
contact with other objects, such as 
the legs, face and sides, the ends of 
the hairs are rubbed off and their curl- 
ing tendency partially disappears. In 
swine, as in other animals, the crinkly 
hairs are crisp and break easily. 

In new born pigs the crinkly condi- 
tion is not so pronounced as in older 


[: October, 1929, while examining 
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pigs, however, the woolly-haired in- 
dividuals can be readily distinguished 
from their normal straight-haired 
brothers and sisters. With age the 
woolly condition becomes more pro- 
nounced until at eight or ten months 
the hair is distinctly curly. 

From observations made on farms 
and from data derived from the col- 
lege herd it is apparent that the factor 
for curly hair is independent of the 
factors for color and pattern. The 
woolly condition is found in combina- 
tion with all common coat colors, 
black, however, predominating. 

The somatic manifestation of the 
character is remarkably constant. 
Among the many affected animals 
that the writer has examined he has 
not encountered any adult individual 
whose coat would be considered a 
blend between the woolly and the nor- 
mal condition, disregarding slight 
variations in tightness of curl. Some 
individuals have a more open curl than 
is illustrated in Figure 14. The persis- 
tence of the tightness of curl is clearly 
brought out in the various crosses. 
When pigs heterozygous for the wool- 
ly state were crossed with pigs of an- 
other breed homozygous for straight 
hair the coat of the woolly-haired pro- 
geny was as tightly curled as that 
of the heterozygous parent. In this 
respect woolly hair in this study re- 
sembles the woolly hair type described 
by Mohr in Nordics. It is not like 
the woolly hair of the negro races 
that blends when crossed with 
straight-haired races, producing a 
wavy condition in the hybrid. In 
other words the woolly condition in 
swine behaves in outcrosses as a 
clear cut mendelian monofactorial 
dominant. 

Some of the individuals studied 
showed a greater or lesser abundance 
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WOOLLY PIGS 
Figure 15 
Above is shown a group of woolly pigs to be compared with a pure-bred Poland China 
(right center). Some of the woolly pigs also carry a gene for partial hairlessness which is 
inherited independently of the genes for woolly hair. The sow in the right foreground is 


number 10 on the chart (Figure 16) and was used for breeding purposes in this study. 
Below at the left is shown the sow (number 4 in the pedigree chart, Figure 16) used in 
this study for three critical matings with two normal boars and in a backcross to her sire. 
At the right are shown two litter mates, details of whose skin are shown in Figure 14. 
The left hand individual is woolly and the right straight-haired. Both have an equal quan- 
tity of hair but the woolly hair gives an effect of being more scanty. Both pigs are dark 


skinned. 


of hair as compared with the native 
breed, Canastrao, in which the woolly 
condition appears. This breed also car- 
ries the factor for congenital hairless- 
ness, a condition found by Roberts and 
Carroll* to be partially dominant to nor- 
mal abundance. See Figure 15. 

The ancestors of the Canastrao 
breed were brought to Brazil by the 
early Portuguese colonizers. It is of 
interest in this connection that, ac- 
cording to Ritzoffy,? the Turopoljer 
breed in which are found one smooth- 
haired and one curly type, is derived 
from the Sus mediterraneus as first 
shown by Ulmansky. It is not, how- 
ever, possible to judge from the pic- 


tures presented, whether the curly 
character of the Turopoljer breed is 
identical with the one here dealt with, 
nor has it been possible because the 
necessary material for comparison is 
lacking, to decide, whether the curly 
hair character encountered in the 
Canastrao is identical with that occur- 
ring in other curly breeds of pigs, as 
for instance the Hungarian Bakonyer 
breed. 

According to Landauer’s statement 
in his extensive review on the inheri- 
tance of hair and skin characters, 
nothing is known as to the inheritance 
of the curly hair types in pigs. 


= 
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A PEDIGREE CHART OF WOOLLY 
HAIR IN SWINE 
Figure 16 

The sow designated as “4” was mated back 
to her sire to produce a progeny of three 
normal and two curly haired. In matings 
with two normal sows she produced six 
straight-haired and seven woolly offspring. 
The excess of woolly individuals is not 
greater than might be reasonably ascribed 
to chance. The character is evidently a 
simple mendelian dominant in inheritance. 


Mode of Inheritance 

From the pedigree chart it is evi- 
dent that the woolly hair character in 
swine is inherited as a clear cut au- 
tosomal dominant, allelomorphic to 
normal straight hair. The chart, Fig- 
ure 16, represents four generations of 
pigs in which several outcrossings, one 
backcross and brother-and-sister 
mating were carried out for the pur- 
pose of studying the mode of inheri- 
tance of the woolly hair condition. An 
examination of the pedigree shows 
that when a woolly-haired pig was 
crossed with either a straight-haired 
or woolly-haired pig the woolly and 
the normal state segregated in the 
progeny in accordance with expecta- 
tion. All of the curly-haired animals 
used proved to be heterozygous for 
the character. 

The character was introduced into 
the college herd by a Canastrao boar, 
No. I on the chart. He was a large 
black pig with white markings on 
face and legs and following Roberts 
and Carroll’s* classification was heter- 
ozygous for “hairlessness.” He was 
used in the herd part of the seasons 
of 1929 and 1930 leaving a number of 
normal and woolly-haired progeny ex- 
hibiting varying degrees of hairless- 
ness. In the early part of 1929 this 
boar was mated to a solid black 
Canastrao sow, No. 2 on chart. This 
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sow had a rather abundant coat of 
normal straight hair. From this mat- 
ing a litter of six was produced, four 
males one of which had woolly hair 
and two females both of which had 
crinkly hair. In this litter the sow 
Parhybana, No. 4, is of special interest 
in this study. She was a large, solid 
black pig with a good covering of 
crinkly hair. See Figure 15. Her first 
litter was obtained in a mating with 
her own sire, No. 1, and consisted of 
two males, one normal (the hair type 
of the other male unknown), and three 
females, two of which were woolly. 
See chart, line 2 and Figure 15. The 
normal smooth-haired gilt of this lit- 
ter, No. 7, was mated to a pure-bred 
Poland China boar, No. 6, producing 
a litter of nine normal straight-haired, 
spotted pigs. 

In the latter part of 1931 Parahy- 
bana was mated to a pure-bred Duroc 
Jersey boar, No. 3, and farrowed a 
litter of six, four male pigs, two of 
which had typical woolly hair, and 
two females, one of which, No. 10, 
was curly-haired. Parahybana’s third 
litter was obtained in a mating with a 
pure-bred Poland China boar, No. 5 
on chart. Of the three males in this 
litter one was affected and of the five 
females four had typical woolly hair. 
After weaning the above litter, Para- 
hybana was eliminated from the herd 
and her daughter, No. 10, was used in 
her place. See also Figure 15. This 
sow had a dense coat of woolly red 
hair. In November of 1932 she was 
bred to her litter mate, No. 9, a black 
pig with only an average abundance 
of woolly hair. The result of this 
mating was a small litter of three 
pigs, one affected female and two 


TABLE I.—Results of of woolly, 
and straight-haired 


woolly xX straight haired 
x straight-haired in Swine. 


Matings 


Type 


410 
Frequency Woolly Straight 
ao Ww X Ww 2 1 3 2 1 
Ww X ww 3 4 7 8 2 
a ww X ww 1 6 3 


Rhoad: Woolly Hair in Swine 


males, one of which had normal 
smooth hair. 

Using the symbol 1” = woolly con- 
dition and w = normal straight-haired 
condition the various matings and 
their resulting progeny are given in 
Table I. 

Although this study involves only 
six matings and 37 progeny the results 
accord so closely with the expectation 
that it leaves little doubt as to the 
mode of inheritance, the woolly hair 
condition in swine being transmitted 
from parent to progeny as a simple 
autosomal mendelian dominant. 

Conclusion 
The results of the six matings as 
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described above and as shown in the 
pedigree chart represent sufficient evi- 
dence to indicate that the woolly hair 
condition in swine is due to a single 
mendelian factor completely dominant 
over normal straight hair, the reces- 
sive condition. The factor segregates 
as an independent gene not being as- 
sociated with coat color, coat pattern 
or sex. The data of this study are not 
sufficient to determine the gene’s re- 
lationship, if any, to the gene for con- 
genital hairlessness. Neither has the 
effect of the dominant woolly gene in 
homozygous condition been deter- 
mined so far. 
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The “Literature Cited” of Plant Genetics 


HE growth of an idea resembles 

in some respects the growth of an 
organism. Since ideas may be held to 
be biological phenomena this simile 
may not be too great a strain on real- 
ity. Thus in the case of plant gene- 
tics we may liken the fertilization of 
the egg to the discovery by the an- 
cient Babylonians that plants are sex- 
ual organisms. This is followed by a 
long period during which the “em- 
bryo” remained in a dormant state 
with slow changes which eventually 
led to germination in the relatively 
short period between Cotton Mather’s 
notes on fertilization in maize (1717) 
and Mendel’s announcement of dis- 
crete heredity in 1866.* With the 
publication of Mendel’s papers the 
“growing point” of plant genetics 
may be said to have reached above 
the ground and pushed forth its 
cotyledons. Some plants, notably 
those in an arid environment, have a 


very long “latent period” following 
emergence from the ground. From 
1866 to 1900 was such an arid period 
in experimental attacks on problems 
of heredity and the new “plant” grew 
slowly. With the triple rediscovery 
of Mendel’s Law in 1900 the juvenile 
stage was past and a more rapid 
growth commenced, which in the next 
34 years has culminated in the robust 
and the astonishingly varied organ- 
ism which is plant genetics today. 
When we consider the varied tech- 
niques that are in use today in ad- 
dition to the breeding plot and the 
progeny test of 30 years ago, we 
may be justified in considering that 
our “genetics plant” has indulged in 
a number of bud mutations. Thus we 
have what might be labelled the Eve- 
ning-Primrose-Jimson-Weed mutation, 
which has enormously increased the 
growth rate of our knowledge of the 
effect of varying doses of “gene-pills” 


*ZIRKLE, Conway. Plant Hybridization Before Koelreuter Jour. Hered., 25: 3-18. 


1934. 
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and their distribution in the “chromo- 
some bottles.” One branch of this 
“mutant” has given rise to laboratory 
species, as has recently been reported in 
the Journat. We have the “X-ray- 
radium mutation,” which has spread 
over all the world, and has set hundreds 
of investigators to shooting plant and 
animal genes and chromosomes with 
X-rays and radioactive particles. We 
have a mutation of cooperative re- 
search in the organized exchange of 
information among maize geneticists, 
which, while it may somewhat cramp 
the style of the rabid individualist, 
nevertheless greatly facilitates the 
accumulation of knowledge. We have 
had several mutations in cytological 
approach which have given us an 
enormous mass of new information 
about how genes and chromosomes 
behave in cell division. The implica- 
tions of some of these discoveries are 
still a matter of no little controversy. 
In fact our “plant genetics plant” 
has grown so fast and had such a variety 
of bud mutations that it might be diffi- 
cult to recognize it as a single organism 
had it not grown up almost before our 
eyes. 

In the nature of a herbarium exhi- 
bit of progress in this field is a very 
important bibliography just issued by 
the Library of the U. S. Department 
of Agriculture.* The 10,156 entries 
listed therein are based mainly on the 
material in the catalogue in the li- 
brary of the Bureau of Plant Indus- 
try and to some extent from other 
sources. No claim is made that the 
subject is completely covered, al- 
though an attempt has been made to 
limit the entries to really significant 
contributions. Bibliographies are 
rather dull reading but a_ glance 
through this one, if imaginatively un- 
dertaken, does have much of interest. 
The earliest reference noted is to 
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Nati’s description in 1674 of the Fhor- 
entine bizzaria. This same graft hy- 
brid is still in existence and until re- 
cently has been an enigma to plant 
physiologists.¢ Koelreuter’s fifty-page 
“letter” on sex in plants is not avail- 
able in the original in this library, 
but in a reprint issued at Leipzig in 
1893. Eight other papers by Koelreu- 
ter concerning hybrids in phlox, fox- 
glove, lobilia, datura, etc., are avail- 
able in the original. Mendel’s original 
paper is entry No. 6,106 in the list, 
and the papers announcing the triple 
rediscovery of his work by De Vries, 
Correns and Tschermack are Nos. 9384, 
1802 and 9088. The references are, 
of course, both full and complete dur- 
ing the later years, when publication 
and distribution has been most active. 
The reference literature to these re- 
cent developments is almost over- 
whelming in amount. Thus, in the 
subject index under maize are over 
a page and a half of small type ref- 
erences to citations in the bibliogra- 
phy. Many of these entries also bear 
a star, which indicates a list of addi- 
tional literature. The searcher for 
printed information has a long and 
tortuous path laid out before him. 
Thus we may say that this bibliogra- 
phy is essentially a skeleton résumé 
of the prog-ess of plant genetics from 
its inception as a science in 1866. It 
extends only through 1930, so that it 
embraces the period from Mendel’s 
work to the death of Karl Correns, 
the second of Mendel’s rediscoveries. 


References to A. G. A. Publications 


This bibliography also gives an op- 
portunity to evaluate, at least num- 
erically, the place in the literature of 
plant genetics which is occupied by 
the publications of the American 
Genetic Association. There are 10,156 
entries in the entire bibliography. By 


*“A Bibliography of Plant Genetics.” Compiled by Marjorie F. Warner, Martha A. 
Sherman, and Esther M. Colvin, of the Library of the U. S. Department of Agriculture. 
The United States Department of Agriculture Miscellaneous Publication No. 164. Wash- 
ington, D. C., April, 1934., pp. 552. (For sale by the Superintendent of Documents, 


Washington, D. C. Price 50 cents.) 


tSwincie, C. F. Graft Hybrids in Plants, Jour. Hered., 18: 73-94, 1927. 
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A Bibliography of Plant Genetics 


actual count 764 of these are to pub- 
lications of our Association.* Thus 
7.5 per cent of all citations are to 
these publications. The bibliography 
covers the publications of the entire 
world, and it seemed of interest to 
find what proportion of publications 
in this field originated in the United 
States. It seems likely that the bib- 
liography is probably more complete 
for American references than for 
those of the rest of the world—but 
most of the important foreign pub- 
lications are represented. Some diffi- 
culty was encountered in classifying 
a few of the publications, but the 
number was so small that the error 
would be insignificant. Of the 10,156 
references 4,268 were published in 
the U. S. and 5,892 in other coun- 
tries. Thus 42 per cent of all refer- 
ences originated in the United States. 
Of these, 17.25 per cent appeared in 
the publications of this Association. 

Only a rough estimate was made of 
the number of publications listed in 
this bibliography. There were 130 pub- 
lications (periodicals, proceedings, 
books, etc) listed in 1,500 citations, 
taken as three samples in different 
parts of the book. Possibly twice as 
many would be found in the entire 
bibliography. When it is considered 
that this list includes not only peri- 
odical publications but the bulletins of 


FOUR GENERATIONS OF 
SHORT THUMBS 


Leonard P. Saytes and JosepH W. JAILER 
College of the City of New York 


HIS paper presents additional 
data concerning the inheritance 
of a type of short fingers al- 
ready discussed by Breitenbecher' 
and Hefner.” 


In the present group the terminal 
phalanx of the thumb is shortened 
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the U. S. Department of Agriculture 
and of the experiment stations, in all 
parts of the world, books, articles in 
such magazines as Popular Science 
Monthly, and other miscellaneous pub- 
lications, we may feel that our Asso- 
ciation has taken no mean part in dif- 
fusion of knowledge regarding plant 
heredity. It is impossible of course, 
to arrive at a figure for the propor- 
tion of illustrative material listed in 
this bibliography which originally ap- 
peared in the JouRNAL, but there is 
no doubt that could this figure be 
computed, it would be considerably 
higher than the proportion of our ma- 
terial as a whole computed above. In 
textbooks on genetics, variation, and 
evolution the photographic illustrations 
reprinted from the JouRNAL run from 
20 per cent to 50 per cent of all illus- 
trations used. 

Those whose support has made 
possible the publication of the Jour- 
NAL may be encouraged by these dry 
statistics to feel that it has made a 
useful and significant contribution to 
the increase and diffusion of knowl- 
edge regarding plant genetics. That 
the contribution would be as large in 
the fields of genetics of animals and 
of man himself seems altogether like- 
ly. There is some reason for believ- 
ing that it would be larger, in the 
latter field especially. 

Rosert Cook 


O 


DOMINANT SHORT THUMBS 
Figure 17 


*The Journal of Heredity (1914—the American Breeder's Magazine (1910-1914), and 
the Proceedings of the American Breeder’s Association (1904-1912). 
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normal. 
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ONE SHORT THUMB 
Figure 18 
X-ray photograph of the thumbs of the male of the fourth generation 
with the right thumb brachymegalodactylic and the left thumb apparently 


and ‘somewhat widened with the re- 
sult that the whole digit appears 
squatty. This widening includes the 
thumb nail. Figure 18 presents an 
X-ray photograph of both thumbs 
of one individual in whom the anoma- 
ly is confined to the right hand, the 
left being of ordinary appearance. 

In the four generations covered by 
this study (Figure 17) the anomaly 
appears in eight individuals. Seven 
out of seventeen, or a little over forty 
per cent, of the recorded descendants 
of the oldest individual included ex- 


hibit the trait. Two of these have 
only one short thumb, the other be- 
ing of ordinary appearance. In both 
of these latter cases it is the right 
thumb which is of the unusual type. 
The genetic significance of this asym- 
metrical appearance of the trait is 
not clear. 

Hefner has shown this trait to be 
a dominant one. Clearly the data pre- 
sented here are in support of that 
conclusion. Obviously, too, it is not 
sex-linked but may be transferred from 
father to son. 
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A BUD VARIANT OF THE 
SANTA ROSA PLUM 


A Late-maturing Form Possibly of Commercial Importance 


A. D. SHAMEL and C. S. Pomeroy 
U.S. Department of Agriculture, Riverside, California 


URING the spring of 1933 our 
[) attention was called to a limb 

sport in an otherwise normal 
Santa Rosa plum tree. This tree is 
located near the center of an orchard 
belonging to A. H. Harlan in the 
West Yucaipa district of San Ber- 
nardino County, California. The limb 
variant was said to be normal in all 
characters except that the fruits ma- 
tured late and had a firmer flesh of a 
clear light amber color. 

The Santa Rosa is one of the Jap- 
anese group of plums (Prunus sali- 
cina). It was originated by Luther 
Burbank and was introduced by the 
Fancher Creek Nurseries of Fresno, 
California in 1907.1 It is now one of 
the most popular varieties grown in 
California both for home use and for 
shipping purposes. 

The Harlan limb variant was no- 
ticed about 1923, as soon as the tree 
containing it came into bearing, be- 
cause its fruit matured much later 
than normal. It was fortunate that 
this abnormal limb was saved and not 
cut out during pruning or destroyed 
through accident, disease or climatic 
hazard, as has often happened under 
somewhat similar circumstances in the 
writers’ experience. 

During 1933, three series of obser- 
vations were made on the perfor- 
mance of the parent tree and of the 
progeny trees that had been propa- 
gated at various times from the limb 
variant. On June 8, it was found 
that both of the main limbs of the 
parent tree and all of the progeny 
trees bore a heavy crop of fruit, and 
there were no apparent differences be- 
tween the fruits borne by the limb 


sport and those on the normal growth 
of the parent tree. The parent tree 
consists of two main limbs about 
equal in size arising from the trunk at 
the point where the nursery tree was 
topped and about a foot from the 
present ground level. The northerly 
placed limb is the normal Santa Rosa 
one, while the southerly one is the 
variant bearing the late-maturing fruits. 

On July 12, the fruits on the nor- 
mal growth of the parent tree, and 
those on the other Santa Rosa trees 
in that orchard, were mature (Figure 
19A), and picking was about to begin. 
The fruits on the limb variant and on 
the progeny trees propagated from it 
were, on the other hand, decidedly 
immature in appearance, small and 
green with a purplish stripe at the 
suture, and apparently would not be 


‘ready for picking for several weeks 


(Figure 19B), or, as estimated by Mr. 
Harlan, until about September 1. 

On September 5 the picking of the 
larger block of progeny trees of the 
late-maturing strain was under way, 
the crop of the parent limb and of 
the older progeny trees having been 
harvested a few days previously. A 
sample of seventeen typical first grade 
fruits was obtained for study and 
photographing (Figure 19C). These 
varied in weight from two and one- 
half to three and one-quarter ounces, 
their average being two and three- 
quarters ounces. 


Differences in Fruits 
So far as we could determine the 
late-maturing fruits were identical in 
appearance with the normal Santa 
Rosa plums that had been harvested 
about the middle of July, but had a 
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A LATE MATURING VARIANT OF THE SANTA ROSA PLUM 
Figure 19 


A—Mature Santa Rosa fruit picked July 12, 1933. B—Fruit from the late ripening 
bud mutation of this variety picked on the same date,—still very immature. C—Mature fruits 
from progeny trees of this variant strain, picked September 5, 1933. The fruit, which in 
other respects closely resembles the Santa Rosa plums, matured nearly two months later. The 
suture stripe of the variant form is a distinguishing characteristic and the seeds are a little 
smaller. The productivity of the variant trees is excellent and the plums keep well. The 
new form appears to be one of possible commercial importance through lengthening the 
ripening season for this type of plum. About one-half natural size. 


8 
Cc 


somewhat firmer flesh and a clear 
light-amber flesh color without the 
red streaks of the normal Santa Rosa 
fruits. The fruit characters that were 
observed in the late-maturing strain 
include: large size, oval shape, shal- 
low suture, deep purplish-crimson col- 
or of the skin with a deeper colored 
suture stripe. The fruits are coated 
with a delicate blue bloom, have 
a firm, light-amber colored flesh, are 
clingstone, with medium to small 
smooth seeds and good flavor. 

Professor S. A. Skinner,* Mr. Har- 
lan, and others have emphasized their 
cbservations as to the firmer, crisper 
texture of the flesh of the fruits borne 
by the bud variant as compared with 
the parent Santa Rosa variety, and 
their tendency to remain in superior 
eating and shipping condition for a 
longer period, both on the trees and 
in storage. They also express the 
opinion that the seeds of the sport 
are smaller than those of comparable 
Santa Rosa plums, and that the 
cooked fruits of the variant are not 
so tart as are the normal ones. 

The major point of difference be- 
tween the normal Santa Rosa plums 
and those of the variant is the time of 
maturity. In the Harlan orchard on 
the parent tree and on progeny trees 
under comparable cultural conditions 
this difference amounted to about six 
weeks this season and according to 
all first-hand accounts this difference 
in time of ripening has been approxi- 
mately the same each season since the 
variant has been under observation. 

The foliage characteristics of the 
parent limb variant and the progeny 
trees that have been propagated from 
it are apparently identical, so far as 
our observations have gone, with 
those of the normal Santa Rosa 
growth. 

Origin 
The history of the finding of the 
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limb variant is told in the following 
account by the discoverer and first 
propagator, Prof. S. A. Skinner, Red- 
lands, California.t 


I came into the possession of the grove 
when it was about two years old (1922). 
As soon as the trees began to bear my 
attention was attracted to the portion of 
the tree blossoming at the same time as 
the balance of the tree but maturing its 
fruits several weeks later than the normal 
branches. At first I considered it as a 
nuisance but later was impressed with 
the quality of the fruit and began to 
watch it carefully. I gave out samples 
of the fruit for eating and cooking to 
several neighbors and all found it to be 
exceptionally fine. I tried to get various 
nursery companies interested but without 
success. Finally, I paid the Armstrong 
Nursery Co., Ontario, California, to propa- 
gate 85 trees for me. I also top-worked 
several Santa Rosa trees. I sold the 
grove to A. H. Harlan (1930) but have 85 
trees not yet in bearing on my own place 
adjoining that of Mr. Harlan at West 
Yucaipa. I am positive that no bud was 
inserted in the parent tree while I owned 
the place and have no idea that one was 
ever inserted. It certainly does not look 
like a root sprout and I am sure that it 
is not one. 

Professor Skinner further says: 

About three years ago when I decided to 
have the sport propagated, I determined to 
call it Eldora after my wife. The name has 
not been registered. Subsequent inquiry indi- 
cates that this name has already been used 
for another plum variety. In view of this 
fact I have suggested the name Eldoris. 

A similar appearing plum variation 
has been reported by C. F. Kinman, 
Pomologist of the U. S. Department 
of Agriculture who is stationed at 
Sacramento, California. Progeny trees 
of that strain are being grown to a 
limited extent in Placer County, Calli- 
fornia and it is said by growers near 
Penryn to have originated as a bud 
sport of the Santa Rosa. Mr. Kin- 
man states,t “In their dark red color, 
dots, bloom, yellow meat, size, shape, 


*The former owner of this orchard. 
+Personal letters, October 19 and 27, 1933. 
tPersonal letter, September 13, 1933. 
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time of ripening, firmness of meat and 
in fact in almost every respect the 
fruit from the Penryn trees resembles 
very closely the fruit you sent from 
Mr. Harlan’s orchard.” A sample of 
the Penryn-grown plums sent by Mr. 
Kinman to the writers bears out his 
conclusions as to the similar charac- 
teristics of the fruits of the two 
strains. 

It therefore seems likely that at 
least two strains of the Santa Rosa 
plum variety exist that originated in 
a similar manner and at nearly the 
same time. The writers believe that 
in all probability other similar sports 
of this plum have occurred that have 
been unnoticed or that have not 
aroused sufficient interest to lead to 
their propagation. Such occurrences 
would be in line with experiences in 
the study of bud variations in other 
deciduous-fruit varieties and in the 
citrus. 

The Harlan progeny trees from the 
limb variant in his orchard consist of 
22 trees grafted on Santa Rosa plum 
trunks in 1927 or 1928, two trees 
grafted on Red Bird peach trunks in 
the spring of 1931, and 65 trees grafted 
on Satsuma plum trunks in _ the 
spring of 1932. Nearly all of 


‘selection. 
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these produced good crops this past 
season (1933) and Mr. Harlan states 
that all of the grafts that have fruited 
have produced plums similar to those 
on the parent limb variant and that 
the characteristics of the limb sport 
have been transmitted through graft- 
ing without exception. He says that 
the progeny trees have consistently 
borne heavy crops for their age since 
they first came into fruiting and he 
has expressed the opinion on several 
occasions that this strain is a valuable 
commercial one. 

The rigin of this late maturing 
strain of the Santa Rosa plum from a 
limb sport is a matter of scientific in- 
terest and possibly of commercial im- 
portance. It emphasizes the desirabil- 
ity of a general search for variant 
limbs in all fruit-bearing trees and of 
progeny tests of those that appear to 
be of value to the orchardist. This 
variation and many others that have 
been discovered by fruit growers dur- 
ing recent years indicate a growing 
interest in this phase of fruit im- 
provement through systematic bud 
The writers have previous- 
ly reported on bud variation studies 
with several other deciduous fruits.** 
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A Glossary Of Technical Terms 


Used In This Issue 


ENETICS has developed so rapidly that many terms in common use in 
genetic literature are not yet incorporated in the dictionaries. Many 
people who are interested in heredity are bothered by such words, for 

which no definition can conveniently be found. For this reason, it is proposed to 
publish occasionally a glossary of terms which would not be readily understood 
and which are not to be found except in new unabridged dictionaries. It is 
realized that these definitions will probably not meet with universal approval and 
comments and suggestions will be welcomed. 


ALLELOMORPH— Mendelian characters are in- 
herited in alternative pairs, or in alternative 
series. These alternative genes are called 
allelomorphs. Examples: Albinism (reces- 
sive), Normal pigmentation (dominant) ; 
Horns (recessive), Hornlessness (domi- 
nant). 


AvtosomE—Any chromosome except the sex- 
chromosome. 


Backcross—Cross of a hybrid to one of the 
parental forms. 


CHARACTER (a contraction of characteristic) 
—A term used, often rather vaguely, to 
designate any form, function, or feature 
of an organism. The Mendelian charac- 
ters of genetics represent the end-prod- 
ucts of development in which a definite 
gene, or genes, have a decisive effect. “The 
constant and unchanging thing, therefore, 
is the factor (gene) itself rather than the 
character, and the unity which Mendel ob- 
served lies rather in this underlying factor 
than in the visible, and perhaps variable, 
character which it produces.”—Sinnott and 
Dunn. 


DIHETEROzYGoTE—An individual heterozygous 
tor two pairs of genes. 


GENoTYPE—The entire genetic constitution, 
expressed and latent, of an organism. 


HeTEROGAMETIC—Producing unlike gametes 
(with respect to the sex chromosome). In 
the “X-Y” group of organisms the male is 
the heterogametic sex, producing X-bearing 
sperm and )’-bearing sperm in equal num- 
bers. In the “Ii’-Z” group (including moths 
and birds) the female is heterogametic, pro- 
ducing /i’-bearing ova and Z-bearing ova, 
the sperm-cells all carry a Ii” chromosome. 


HeETEROzYGous—Containing both genes of an 
allelomorphic pair, or two genes of an 
allelomorphic _ series. Heterozygous _in- 
dividuals generally resemble the individuals 
homozygous for the dominant character, 
but they transmit the recessive to half their 
offspring. 


Homozycous—(1) An organism formed by 
like germ cells; (2) An organism is said 
to be homozygous for a given character 
when all the germ cells transmit identical 
genes for this character. This is the most 
frequently used meaning of the term. 


HystricomorpH—Having the characteristics 
of those rodents classified as Hystrico- 
morpha—porcupines, caries, agoutis, chin- 
chillas, ete. 


Monoracror1at—Controlled by a single gene 
(factor) in inheritance. 


Mutation—Where a heritable variation be- 
gins. A sudden variation in an inherited 
character. 


Factors—In the expression of 
some characters more than two genes are 
necessary. Such cumulative or cooperative 
genes are called multiple factors. See also 
blending inheritance. 


Ovutcross—A cross to an individual not close- 
ly related. 


PHENOTYPE—The organism as exemplified by 
its expressed characters, as contrasted with 
its genetic constitution (the genotype). 


SEGREGATION—Separation of allelomorphic 
genes at meiosis. 


Sex-Linkep—Applied to characters carried 
on the sex-chromosomes—characterized by 
typical peculiarities in inheritance as a 
result of this fact. 


Somatic—Referring to body tissues; having 
two sets of chromosomes, one set normally 
coming from the female parent and one 
from the male; as contrasted with germ 
cells having a single set of chromosomes. 


Sport—An abrupt deviation from type. 
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THE JOURNAL OF HEREDITY AS A 
SUPPLEMENTARY TEXT 


EicHt Montus For $1.00 


A SpeciAt Rate To CLAssEs IN GENETICS OR BIOLOGY 


Members engaged in teaching genetics or related subjects are cordially invited 
to use the JouRNAL as a supplementary text in their classes. The rapid progress 
of the science, after being so long neglected, is one of the most important and 
attractive features to place before students. Even the latest textbooks are soon 
outdated, but they become more interesting as the historical background of the 
discoveries described in the JourNAL oF Herepiry. 

Student subscriptions covering the academic year of eight months, in groups of 
ten or more, may be ordered by members at one dollar ($1.00) each, four months for 
50 cents. These special rates to students will be accepted only when applied for by 
members of the Association, in whose classes the Journals are to be used. The 
student subscriptions will be sent in bulk to the member in whose name they are 
ordered. 

Special Trial Offer to Members of A. G. A. 

Members engaged in teaching will be supplied free up to twelve copies of two 
issues for classroom use. Try the Journat for two months at no expense and 
under no obligation to continue. Issues for this purpose will be sent in bulk to 
members applying for them. Send orders to the AMERICAN GENETIC AsSOCIATION. 


Proceedings of the American 
Breeders Association 


Vol. I (1904) to combined Vols. 7 & 8 (1911-12) 


Each volume in original binding of green cloth. Many of the articles are 
reports of original research made soon after the rediscovery of Mendel’s laws. 
For reference purposes they have a growing historical interest, and the earlier 
volumes are very hard to obtain. A few complete sets are still available, per set 
of 7 volumes, $45.00. Separate copies of Volumes 4, 6, and 7-8 also for sale— 


$5.00 per volume. 


AMERICAN GENETIC ASSOCIATION 
VICTOR BUILDING WASHINGTON, D. C. 
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